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RUTHIN CASTLE 


NORTH WALES 
A Clinic for Internal Diseases (except Mental or 


Infectious Diseases) 


The Clinic is equipped for the investigation and treatment of 
Heart and Arterial Disease, Anzmias, Disorders of the Stomach 
and Intestines, Nervous Diseases, Nephritis, Diabetes, Mal- 
nutrition, Tropical Diseases, and other complaints which need 
chemical, bacteriological, and protozoological investigation, and diete- 
tic, physical, or other special treatment, or daily supervision. 

The Castle is fitted with Laboratories, X-ray Department, Electro- 
cardiograph, Medical Baths, and Lifts. 


The Staff includes Physicians who have had special experience of 
Chemical and Bacteriological Pathology, and X-ray Work; also 
Analytical Chemists, Bacteriologists, Radiographers, a Matron, 
trained Nurses, Dietitians, experienced Masseurs and Masseuses. 

Operating surgeons, gynecologists, and specialists for Diseases of the 
Eyes, Nose, and Throat visit the Clinic when desired. 


The Fees are inclusive and vary according to the room occupied. 
The climate is mild, and the neighbourhood beautiful. 


Telegrams: CASTLE, RUTHIN. Apply: THE SECRETARY, 
Telephone: 66 RUTHIN. RUTHIN CASTLE, NORTH WALES 
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New Books and New Editions coming from Wright's 


Pye’s Surgical Handicraft A Synopsis of Children’s 
Edited by Hamilton Bailey Diseases 
Eighteenth Edition in 2 volumes. By John Rendie-Short 


Vol. 1—About 400 pages. Fully illustrated. 
About 32s. 64. Vol. h~m preperation Third Edition. About 644 pages. Mlustrated. 


AS is of Physiol 
A Synopsis of Ophthalmology N. Vass 


By J. L. C. Martin-Doyle Fifth Edition. 360pages. Illustrated. 30s., 
Second Edition. 262 pages. 27s. 6d., post 10d. post 1s. 


Symptoms and Signs in Clinical 
Mental Subnormality (Stoke Medicine 
Park Studies) By E. Noble Chamberlain 


Edited by J. Jancor Seventh Edition. About 540 pages. 
464 pages. Illustrated. About 30s. 383 illustrations, 19 in colour. About 45s. 


Diseases of the Nose, Throat, 


Clinical Haematology Stewart 


By Robert D. Eastham Sixth Edition. About 500 pages. 249 illustra- 
162 pages. About 15s. 6d. tions and 14 plates in colour. 52s. 6d. 


John Wright and Sons Ltd., Bristol 


MICHROME STAINS 


Fettrot 73 
Field's Stain 


TRIFALGIC ACID for electrophoresis, etc. 


(Ref. Bodmin, }. (1960),"lvor Smith’s Chromatographic and 
ticjTech., vol. 2 (Heinemann) 


PLUOROIL AND FPLUORMOUNT, synthetic immersion 
oll and mouwntant for fluorescence microscopy. 
OPTOIL: synthetic, non-sticky immersion oil. 

104-page catalogue available on request. 


New books by Edward Gurr now ready: 
ENCYCLOPAEDIA OF MICROSCOPIC STAINS 
500 pages, Royal 8vo, price 95s. 


‘Methods of Analytica! Histology & Histochemistry’ 
First edition; 335 pages (9}”" x 63"), price 70s. 


“Microscopic Staining Techniques’, Nos. 3 & 4, each és. 


EDWARD GURR, LTD. 
42 Upper Richmond Road West 


LONDON, S.W.14 


Telegrams: Micromiabs, Put, London 
Telephones: PROspect 8051 and 7606 


Service, uniform high quality, reliability, and 
immediate delivery 
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The House of Churchill 


Six New Issues 


IN CLINICAL MEDICINE 
MA, M.D., FRCP, and 


SURGERY 
New Issue—Series ll. By various authors. Edited by RODNEY Edited by RAYMOND DALEY, 
SMITH, M.S., E.R.CS. HENRY MILLER, D.P.M. 
SOs Fourth) Edition. is 50s. 


110 illustrations. New (| 
COMM ON DISEASES OF THE CLINICAL ENDOCRINOLOGY for 
NOSE ANDTHRGAT® | THE CREATURE 

READING. M.S., F.R.C.S. New (Fourth) Edition. F.R.C.P_ New (Third) Edition. 

2 coloured plates and 44 a2 2s. 28s, 

THE NEWBORN CHILD 
A New Book. By DAVID G. VULLIAMY, M.D., M.R.C.P. 34 illustrations. Ss. just Ready. 
Latest ‘Recent Advances’ 


HUMAN NUTRITION: with reference to Clinical PATHOLOGY 
vcertncene New ) Edition. Edited by C. V. HARRISON, M.D. 
BROCK, D.M., F.R.C.P. 1401 


48s. 
justrations. 


ALTERS, M.D., F.R.C.P. 
50s. 


ited by L With the 


13 illustrations. 27s. 6d. 
New from U.S.A. 
ANGIOGRAPHY 
By 32 specialist contributors. Edited by HERBERT L. ABRAMS, M.D., 2 volumes. 1,300 photographs, drawings and diagrams. a7 
PATHOLOGY: A Dynamic Introduction to Medicine and seeaseaoess IN HUMAN PLASMA 
T.M. .M.D., .N. .. M.D. Edited by H. N. Ph.D. 
™.D. MILLER, Jr., M.D. 40s. ome by ‘ONIADES, ieee. 
A Henry Ford aternational CO: CONFERENCES OF THE 
By | 88 specialise by E. L. QUINN, ™.D., MASSACHUSETTS GENERAL HOSPITAL 


Edited by 8. , M.D., and H. 8. DUDLEY, jr., M.D. 
$10 cables ond 130s. 153 illustrations. 90s. 


J. & A. CHURCHILL LTD., 104 GLOUCESTER PLACE, LONDON, W.1 


A SELECTION OF OUTSTANDING LIVINGSTONE 


TEXTBOOK OF MEDICINE 
Thirteenth Edition. Edited SIR JOHN CONYBEARE, 
M.C., D.M., N. MANN, M.D., 
1,008 pages. 102 illustrations. 

DISEASE IN INFANCY AND CHILDHOOD 
Third Edition. By RICHARD W. B. ELLIS, O.B.B., M.A., 


M.D., F.R.C.P. 
722 pages. 328 illustrations. 
THE EYE IN GENERAL PRACTICE 


Second Edition. C.R.S. M.A., B.M., B. 
D.O.M.S Tres. ted) 


160 pages. 27 illustrations. 


RE-EDUCATIVE TREATMENT OF SUPPRESSION 
AMBLYOPIA 


PYLE CBE. MD 
147 pages. $0 illustrations. 258. 
THE DEVELO?MENT OF THE INFANT AND YOUNG 
CHILD. Normal and Abnormal 
By R. S. ILLINGWORTH, M.D., F.R.C.P., D.P.H., D.C.H. 
324 pages. 95 illustrations. 278. 6d. 
ILLUSTRATING MEDICINE AND SURGERY 
By MARGARET C. McLARTY, D.A. (Edin.) 
167 pages. 228 illustrations. 
INTRODUCTION TO HEALTH STATISTICS 
By SATYA SWAROOP, M.A., Ph.D., M.P.H., F.N.I. 
364 pages. 42 illustrations. 
ANTISERA, TOXOIDS, VACCINES AND 
ype IN PROPHYLAXIS AND TREATMENT 


M.B., B. 
296 pages. $6 illustrations. 


558. 


T. KEITH 


378. 6d. 


40s. 


ASPECTS OF NEUROLOGY 
Leeds Neurological Sciences Colloquium 
Edited by HUGH GARLAND, T.D., M.D., F.R.C.P. 
276 pages. 102 illustrations. 
SURGERY IS DESTINED TO THE PRACTICE OF 
MEDICINE. The Hurterian Oration. February 1959 
By SIR REGINALD WATSON-JONES. 
81 pages. 81 illustrations. 
CEREBRAL PALSY IN CHILDHOOD AND 
ADOLESCENCE 
Edited by JOHN L. gn ey M.D., F.R.C.P. (Ed.) 
360 pages. About 35s. 
THE CLOSED anemia OF COMMON 
FRACTURES 
Third Edition. By JOHN 
284 pages. 434 illustrations. 
CONGENITAL DEFORMITIES 
By GAVIN C. GORDON, M.B., F.R.C.S.E. 
136 pages. 149 illustrations. 
— OF THE RECTUM 
Edited by CUTHBERT E. DUKES, O.B.£., M.D., M.Sc., 


F.R.C.S. 
317 pages. 94 illustrations. 50s. 


A SHORT weneeees. OF VENEREAL DISEASES AND 
MAR: 


332 pages. 87 illustrations. 
MACKIE & McCARTNEY’S HANDBOOK OF 


BACTERI 
Tenth Edi Edited by CRUICKSHANK, 
408. 


$08. 


378. 6d. 


ROBERT 
M._D., D.P.H., F.R.S.E. 
992 pages. 48 


Complete catalogue sent on request 
E. & S. LIVINGSTONE, LTD., TEVIOT PLACE, EDINBURGH 


— 
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New ( Hyde By Sir NEIL HAMILTON FAIRLEY, K.B.E., 
M.D., F.R.C.P., D.7.M. & H., F.RS., A.W. WOODRUFF, M.D. 
F.R.C.P., D.T.M. & H., and j. H. Wi 


Oxford Uni versity Press 


Clinical Neurology 
SIR RUSSELL BRAIN, sr. 


Physician to The London Hospital and the Maida Vale Hospital for Nervous Diseases 
408 pages 96 illustrations 


The Essentials of Perimetry 


HOWARD REED Department of Ophthalmology, Faculty of Medicine, University of Manitoba 
204 pages 167 illustrations 45s. net 


Diagnosis in Locomotor Disorders 
KENNETH STONE Physician, Arthur Stanley Institute, The Middlesex Hospital 
224 pages 53 illustrations 


The Clinical Application of Antibiotics 
M. E. FLOREY 

Volume IV. Erythromycin and Other Antibiotics 
324 pages 18 illustrations 


Brucella Infection and Undulant Fever in Man 
SIR WELDON DALRYMPLE-CHAMPNEYS, 


Late Deputy Chief Medical Officer to the Ministry of Health 
208 pages 21 illustrations 


Antibiotics and Sulphonamides in Ophthalmology 


ARNOLD SORSBY Research Professor in Ophthalmology, Royal College of Surgeons, and Royal Eye 
Hospital ; Senior Surgeon, Royal Eye Hospital, and 


JOSEPH UNGAR Head of the Biological Research Department, Glaxo Laboratories 
128 pages 5 illustrations 12s. 6d. net 


The History of Bacteriology 

The late WILLIAM BULLOCH, +.z.s. 

Sometime Emeritus Professor of Bacteriology, University of London 
434 pages 52 illustrations 


Health Service, Society, and Medicine 
KARL EVANG Director General of Health Services of Norway 
180 pages 3 illustrations 


The Natural History of Cerebral Palsy 


BRONSON CROTHERS Physician, Emeritus, and Senior Consultant in Neurology, 
The Children’s Medical Center, Boston, and 
R. S. PAINE Associate Physician in Neurology, The Children’s Medical Center, Boston 


312 pages 66 illustrations 
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University Press 


Some forthcoming publications 


The Clinical Application of Antibiotics 

M. E. FLOREY 

Volume II. Streptomycin and Other Antibiotics active against Tuberculosis 

344 pages 50 illustrations (April) 84s. net 


Samson Wright’s Applied Physiology 
TentH Eprrion. Revised by CYRIL A. KEELE and ERIC NEIL 
With the collaboration of JoHN B. JEPSON 
564 pages 474 illustrations (May) 60s. net 


The Mentally Handicapped and Their Families 
J. TIZARD and J. C. GRAD 
160 pages 


The Analysis of Therapeutic Groups 
F. K. TAYLOR 
128 pages 


(Maudsley Monographs, No. 7) 


The Theory and Practice of Public Health 
Edited by WILLIAM HOBSON 
368 pages 40 illustrations About (July) Os. net 


Textbook of Psychosexual Disorders 
CLIFFORD ALLEN 
450 pages 


About (September) SOs. net 


The Diagnosis and Treatment of Acute Poisoning 
J. D. P. GRAHAM 


440 pages About (September) 42s. net 


Antibiotics and Sulphonamides in Paediatrics 
J. UNGAR and L. HAAS © 
128 pages 


About (September) 10s. 6d. net 


The Anatomy of the Cerebrospinal Fluid 
J. W. MILLEN and D. H. M. WOOLLAN 
150 pages 120 illustrations About (October) 25s. net 


ord 
& 
(Maudsley Monographs, No. 8) 


THE JOURNAL OF HYGIENE 


Eprrep sy H. J. BENSTED, O.E., M.C., M.R.C.P. 
VoLume 59, No. 1 Marcu 1961 


Jameson, J. E. A study of tetrathionate enrichment techniques, with particular reference to two 
new tetrathionate modifications used in isolating salmonellae from sewer swabs. 

ANDERSON, K. F., Coutter, J. R. and Keynes, D. Rut. Staphylococcal nasal carriage in 
mothers, babies and staff in a maternity hospital. 

Suri, J. C. and Russo, Sypney D. Immunization against tetanus. 

BUCKLAND, F. E. and Treapweit, R.H. A comparison of plague vaccines by the mouse pro- 
tection test. 

Austin, F. J. and Mires, J. A. R. Observations on a poliovirus variant. 

Eastwoop, J. Oral humatin (paromomycin) in chronic enteric carriers. 

Opsayasni, You, Ora, SUNAO and ArRAl, SHiro. Some factors affecting preservability of freeze- 

Harvey, R. W. S. and Pamums, W. Powett. An environmental survey of bakehouses and 
abattoirs for salmonellae. 

Harvey, R. W. S., Price, T. H., Davis, A. R. and Moriey-Daviss, R. B. An outbreak of 
salmonella food poisoning attributed to bakers’ confectionery. 

Kuxenee,S. Diagnostic uses of cholera bacteriophages. 

MarsHALL, I. D. and Doucias, G. W. Studies in the epidemiology of infectious myxomatosis of 
rabbits. VIII. Further observations of changes in the innate resistance of Australian wild 
rabbits exposed to myxomatosis. 


Davies, A. Micnaet and SucHowo.sk1, A. The epidemiology in infectious hepatitis in Isracl. 
Subscription price per volume of 4 parts is 90s. net; single parts 30s., plus postage 
CAMBRIDGE UNIVERSITY PRESS, Bentley House, 200 Euston Road, London, N.W. 1 


BRITISH MEDICAL BULLETIN 


Each Issue a Symposium on an Important Aspect of Contemporary Medical Research 
Vor. 17, No. 2 May 1961 


FOETAL AND NEONATAL PHYSIOLOGY 


Scientific Editor: K. W. Cross 

Introduction R. A. McCance 
Histology of the placenta 4 E. C. Amoroso 
Foetal endocrinology R. Deanesly 
Protein transfer across the foetal membranes W. A. Hemmings & F.W. Rogers Brambell 
Immunological tolerance and immunological paralysis N. A. Mitchison 
Transport mechanisms in the foetus W. F. Widdas 
The foetal kidney D. Pauline Alexander & D. A. Nixon 
Enzymic activity during early development Derek Richter 
Carbohydrate metabolism in the placenta and foetus A. St. G. Huggett 
The inferior aortico-pulmonary glomus J.D. Boyd 
Mineral metabolism of the foetus and new-born R. A. McCance & E. M. Widdowson 
Glycogen reserves and their changes at birth and in anoxia Heather J. Shelley 
The ability of young mammals to withstand total oxygen lack Joan C. Mott 
Changes in the circulation at birth G.S. Dawes 
Blood pressure in the new-born baby Maureen Young 
Respiration in the new-born baby K.W. Cross 
Reaction of the new-born animal to environmental temperature June R. Hill 
Practical problems of neonatal jatrics considered in 


Price £1 ($3.25 U.S.A. and Canada) 
Order through your local bookseller, or direct from 
MEDICAL DEPARTMENT, THE BRITISH COUNCIL, 65 DAVIES STREET, LONDON, W.1 
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THE POSTGRADUATE MEDICAL JOURNAL 
MAY ISSUE, 1961 (Price 6s. 6d. post free) 


BIRMINGHAM SYMPOSIUM 
CONTENTS 


The Treatment of Complete Heart Block 
by L. D. Asrams and W. A. Hupson 
A Study of Liver Disorder in Ulcerative Colitis 
by B. N. Brooke, P. W. Dykes, and F. C. WALKER 
Folic Acid Deficiency 
BE. V. Cox, M. J. MEYNELL, and W. T. Cooke 
The Body Plethysmograph 
by G. CUMMING 
Problems Raised by the Treatment of Steatorrhoea with Antibacterial Drugs 
by J. M. FRENCH 
Chromosomes in Paediatrics 
by M. D. Haywoop, A. H. Cameron, and O. H. WoLFF 
Alimentary Granulomata and the Immune Response 
by G. SLANEY 
Neurological Disorders Associated with Malignant Disease 
by W. Tuomas SMITH 


Published by 
THE FELLOWSHIP OF POSTGRADUATE MEDICINE 
9 Gt. James Street, London, W.C.1 


CLINICAL SCIENCE 


Edited for the Medical Research Society by G. M. BULL 
and for the Biochemical Society by N. F. MACLAGAN 


Votume 20, No. 2 Issuzp 1961 

The Transfer of Bromsulphthalein from the Plasma to the Bile in Man. By G. BARBER-RILEY, A. E. Gortzzs, T. G. 
and J. Y. THOMSON. 

Metabolism of **I Labelled Human Albumin. By 8. Conun, T. Freeman and A. 8. McFarlane. 

Respiratory Adaptation to Exercise in Anxious Patients. By A. G. Mezgy and A. J. CoprEn. 

Vitamin B,, Metabolism in Polycythaemia Vera. By I. W. DELAMORE. 

The Localization of “C-Labelled Vitamin D, in the Nephron. By E. Kopicexk, E. M. Danmapy and Fay STRANACK. 

Pyruvate Metabolism in Wilson's Disease. By J. M. WALSHE. 

Assessment of Anaemia in Clinical Practice. By T. 8. Lzz and G. R. WapsworTs. 


The Ability of Man to Detect Added Elastic Loads to Breathing. By E. J. M. CAMPBELL, 8. FREEDMAN, P. 8. SMITH 
and M. BE. TaYior. 


The Effect of Minute and of with feline Looting on, Young A Means 
of Detecting Small Amounts of . By DonaLp B. Cueex and A. B. Hott. 


Blood Pressure and Body Build in Men in Tropical and Temperate Australia. By A. E. DoYiz and R. R. H. LOvELL. 


A Mechanism for the Action of Unsaturated Fat in Reducing the Serum Cholesterol. By B. Lewis, T. R. E. 
PILKINGTON, and K. A. Hopp. 


The Fatty Acid Patterns of Human Serum in Health. T. D. V. Lawnre, 8. G. McALpine, R. Prertz, and B. M. 
RIFKIED and with the technical assistance of ALICE H. W. MCMILLAN. 


The Effect of Dilution on the Titratable Acid in Urine and Acidified Phosphate Buffer Solutions, and the Correction 
for this Effect in the Determination of the Rate of Elimination of Hydrogen Ions from the Body by the Renal 
Tubules. By D. M. NUTBOURNE. 


Subscription Rate: £4 per volume of 3 parts 


Orders may be placed with your bookseller or direct with the publishers 
CAMBRIDGE UNIVERSITY PRESS, Bentley House, 200 Euston Road, London, N.W. 1 
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Toxicity of Industrial Metals * * * 
ETHEL BROWNING 352 pages price 50s. 


This book provides a survey of the main features of the occurrence, preparation, 
metabolism and toxicology of the principal metals encountered in modern industry. 

Special attention has been devoted to the metabolic features; first, from the point 
of view that a knowledge of their paths of absorption, excretion and distribution 
within the body may indicate how and where their potential toxic effects are likely 
to be exerted and therefore in some measure how these effects can be prevented; 
secondly, with a view to the increasing importance of the possibility of the entry of 
some of them in radioactive form from nuclear fallout. 


The Catarrhal Child « *« * 


J OHN FRY 2 126 pages * price 25s. 


The child with recurrent infections and affections of the respiratory tract is a per- 
sistent problem to the whole community. This book is based on the observations, 
records, and clinical conclusions of one family doctor into the causes, the natural 
history and the many and various problems of the condition. It is the outcome of a 
10-year study and follow up of 750 children, reporting unique source material for 
all medical men and women investigating common respiratory illnesses among children. 


Intra-Abdominal Crises * * * 
K. D. KEELE and N. M. MATHESON ¢ 411 poses. © price 50s. 


The authors have called acute abdominal pain and vomiting, which have no diagnostic 
label, intra-abdominal crises. First they analyse the problem of the abdominal emer- 
gency, indicate the lines of early management, and stress the importance of diagnostic 
exclusion. The main theme of the book, however, is the increasing role played by the 
techniques of radiology and biochemistry under conditions of crises. The significance 
of the results obtained involves wide possibilities of anatomical and pathological in- 
terpretation, with a broadening of the problems of differential diagnosis. 
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POLYCYTHAEMIA IN EMPHYSEMA! 
By DAVID B. SHAW anp THOMAS SIMPSON 


(From Chase Farm Hospital, Enfield, and the 
Postgraduate Medical School of London) 


Viaut (1890) reported that the red blood-cell counts of himself and his com- 
panions increased after residence in the mountains of Peru. In 1895 Joylet and 
Sellier demonstrated that animals living in an atmosphere of low oxygen tension 
developed polycythaemia, whereas animals living at a normal oxygen tension 
but reduced barometric pressure did not. More recent workers have shown that 
the red blood count and haemoglobin increase (Douglas, Haldane, Henderson, 
and Schneider, 1913; Hurtado, 1932) while the arterial oxygen saturation 
falls (Pappenheimer, 1944) proportionately with increasing altitude. Barcroft 
(1925) suggested that pathological conditions causing hypoxia in patients 
living at sea-level might be expected to cause blood changes similar to those 
which occur in normal people at high altitudes. This has been found to be true 
for a number of diseases ; for example, an abnormally high haemoglobin level 
and red-cell count are common in patients suffering from congenital cyanotic 
heart disease (Hallock, 1940; Brinton, 1951). It might be expected that these 
blood changes would occur in emphysema, in which a varying degree of hypoxia 
is the rule. Baldwin, Cournand, and Richards (1949), however, reported that 
polycythaemia was rare in this condition, and Ratto, Briscoe, Morton, and 
Comroe (1955) and Simpson (1957) found little increase in the haematocrit 
level in hypoxic emphysematous patients (Fig. 1). A number of suggestions 
have been put forward to explain the poor haematological response to lack of 
oxygen in the emphysematous. subject (Simpson, 1957; Stuart-Harris and 
Hanley, 1957). Although none are proven, it appears likely that erythropoiesis 
is depressed either by chronic bronchial infection (Wilson, Borden, and Ebert, 
1951; Fishman, 1958) or by an excess of carbon dioxide in the blood (Ratto, 
Briscoe, Morton, and Comroe, 1955). 

The present investigation was undertaken in an attempt to understand the 
reason or reasons for the rarity of polycythaemia in hypoxic emphysematous 
subjects. The work was planned so that each major step in the chain of events 
which leads from hypoxia to polycythaemia in the normal subject could be 
checked in the emphysematous patient. Simpson (1957) has pointed out that, 
whereas the hypoxia of the person living at high altitude is constant, that of the 
emphysematous patient tends to fluctuate, becoming more severe with a chest 
infection. Care was taken, therefore, to choose only those patients who had a 

1 Received April 6, 1960 
Quarterly Journal of Medicine, New Series XXX, No. 118, April 1961. L 
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136 DAVID B. SHAW AND THOMAS SIMPSON 


persistently low arterial oxygen saturation for a period of at least one year. In 
these patients the following studies were carried out: 


1. The plasma iron-binding capacity, and the effect of oral iron upon the 
plasma iron concentration, were measured to see whether the abnormalities 
usual in the anaemia of infection were present in emphysema. 

2. The rate of red-cell production was studied in order to assess the extent to 
which it was affected by hypoxia in emphysematous subjects. 

3. The red-cell survival time was estimated. 

4. The total red-cell volume was measured, because Lawrence (1955) has 
suggested that this is a better indication of the presence of polycythaemia 
than the periphal red blood count or haematocrit level. 


= Wormels from Talbott 
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ARTERIAL OXYGEN SATURATION 


¥ia. 1. The relationship of hypoxia to peripheral blood haematocrit level 

in healthy residents at various altitudes is compared with that found in 

groups of emphysematous patients. Data for normal subjects are derived 

from Andresen and Mugrage (1936), Talbott and Dill (1936), Hurtado, 

Merino, and Delgardo (1945), Wintrobe (1946), and Gil and Terdn (1948). 

The values in emphysema are from Ratto, Briscoe, Morton, and Comroe 
(1955) and Simpson (1957). 


Patients Investigated and Methods 


Patients. Thirty-six emphysematous patients were studied. All had a history 
of long-standing bronchitis and dyspnoea, and radiography of the chest showed 
over-translucent lung fields. Diaphragmatic movement was much reduced in 
the 27 who underwent fluoroscopy. The maximum breathing capacity was 
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POLYCYTHAEMIA IN EMPHYSEMA 


grossly limited in all cases, the mean being 23 litres per minute. Four patients 
were in cardiac failure at the time of the study, and 11 more were known to have 
been in cardiac failure at some previous time. Electrocardiograms were taken in 
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General Particulars of Patients Studied 
Case Age Cardiac Weight Surface M.B.C. 
Number (years) Sex failure (kg.) area (m*) (l./min.) 
Hypoxic group 

1 56 M No 43-2 1-45 20, 

2 66 M No 49-4 1-51 11/13 

3 57 M No 74:8 1-84 20/21 

a 54 M No 65-8 1-85 20/21 

5 59 M No 81-7 1-93 20/26 

6 62 M Yes 40-3 

7 47 M No 65-6 1-73 

8 64 M Past 53-5 1-61 15/17 

9 53 M Past 81-0 Fo 33 
10 72 M Past 62-2 1-64 28/32 
11 65 M No 41-3 1-40 27/29 
12 61 M Past 84:3 2-20 32/35 
13 49 M Past 61-0 1-64 22/23 
14 64 M Past 50-0 1-50 24/26 
15 68 M Past 68-1 1-79 28/31 
16 57 M No 67-6 1-84 39/39 
17 68 M No 75-0 1-83 20 
18 5x M Past 87-4 2-10 21/22 
19 64 M Yes 49-4 . 28/28 
20 57 M No 63-5 1-74 22/24 
21 38 F No 45-8 ie 15/20 
22 61 M No 66-3 1-76 19 
23 45 M No 43-4 es 27 
24 41 M No 46-3 1-49 14/16 
25 62 M No 80-8 1-93 36/38 
26 64 M Past 60-5 1-71 18/20 
27 43 M Yes 67-2 1-82 
31 56 M No — 47-7 ri 18/21 
32 61 M No 41-4 1-36 22/24 
33 59 F Past 40-4 1-29 18/20 
34 50 F Past 56-6 1-55 16-5 
35 59 M No 64-0 os 26/29 

Mean 57-4 oe 59-9 1-70 23-3 


M /34 

M No 778 1-79 28/32 

M No 643 0838/84 
69-0 1-74 30-7 


Surface area was obtained from weight and height by using the Dubois nomogram. This 
could not be applied to the patients with spinal deformity. Figures are given for maximum 
breathing capacity (M.B.C.) before and alter inhaling isoprenaline. 


34 patients, and the changes typical of right ventricular hypertrophy (Goodwin 
and Abdin, 1959) were present in 21. During the three years of study seven 
patients died, and at necropsy all had emphysema and five had obvious right 
ventricular hypertrophy. General particulars of the patients are given in 


= 
Control group 
28 58 
29 56 
30 52_ 
Mean 55-3 
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Table I. Thirty-three of the 36 patients had an arterial oxygen saturation which 
was persistently less than 92 per cent.; they form the ‘hypoxic’ group. The 
three remaining patients had an arterial oxygen saturation persistently above 
92 per cent., and form the ‘control’ group. Thirty-one had been studied for 
over a year before being included in the present investigation. 


Methods. Erythropoietic activity was measured with radioactive iron (5*Fe) 
according to the technique originally described by Huff, Hennessy, Austin, 
Garcia, Roberts, and Lawrence (1950) and modified by Ledlie and Baxter (1954). 
The following variables were estimated : 

1. The rate constant, which is the proportion of an intravenous dose of **Fe 

cleared from the plasma per hour. 

2. The plasma iron clearance rate, which is the total amount of iron removed 

from the plasma per day. 

3. The red-cell uptake of Fe, which is the percentage of injected **Fe that 

becomes incorporated in the red blood-cells. 

4. The red-cell utilization of iron, which is the amount of iron taken up by the 

bone marrow for haemoglobin synthesis per 24 hours. 

5. The plasma volume. 


Radioactive chromium (Cr) was used to measure the red-cell volume accord- 
ing to the technique of Sterling and Gray (1950), and the length of the red-cell 
life by the method of Read, Wilson, and Gardner (1954). The red-cell volume 
was calculated directly from data obtained with ™Cr, or indirectly from the 


plasma volume by the following formulae: 

plasma volume x 100 
100— (haematocrit level x 0-92) 
2. Red-cell volume=blood volume—plasma volume. 


1. Blood volume = 


The haematocrit level was multiplied by the factor 0-92 to correct both for 
the plasma trapped in the red-cell column (Gregersen and Schiro, 1938), and for 
the difference between the body haematocrit and peripheral venous haematocrit 
levels (Samet, Fritts, Fishman, and Cournand, 1957). The standard error of the 
difference between simultaneous estimates of red-cell volume in 10 subjects by 
direct (*'Cr) and indirect (5*Fe) methods was + 2-8 per cent. 

Samples of arterial blood were collected from the brachial artery by percu- 
taneous puncture, with a local anaesthetic, and were analysed for oxygen con- 
tent, oxygen saturation, and total carbon-dioxide content of the plasma by 
the method of Van Slyke and Neill (1924). Blood pH was estimated with a 
Cambridge pH-meter and a Stadie electrode. The measurement was carried out 
at room temperature, and the reading obtained corrected to 38° C by using 
Rosenthal’s factor (1948). Arterial carbon-dioxide tension (pCO,) was calculated 
from the total carbon-dioxide content of the plasma and the blood pH by using 
the Henderson—Hasselbalch equation. The plasma iron was estimated by the 
method described by Ramsay (1953), the plasma iron-binding capacity by that 
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of Cartwright and Wintrobe (1949), and the effect of orally administered iron 
on the plasma level by that of Cartwright, Lauritsen, Jones, Merrill, and Win- 
trobe (1946). 


II 
Haematological and Blood-Gas Data in 36 Emphysematous Subjects 
Mean ‘Mean’ 
corpuscular arterial 
haemoglobin oxygen 
Case count (10 Hi concentration saturation 
number perou.mm.) (g./100 ml.) level (%) (%) (%) 
Hypowiec group 
1 5-7 16-4 62-0 25-5 82-2 
2 5-8 16-2 55-0 29-5 83-5 
3 79 20-6 69-5 29-6 80-8 
4 47 12-9 48-0 27-5 88-5 
5 49 15-4 48-0 32-0 84-5 
6 47 14-0 49-0 27-5 88-0 
7 5-1 18-0 54-0 33-5 79-3 
8 5-7 17-9 63-0 28-0 81-0 
4 5-0 15-2 50-0 30-0 84-0 
10 54 13-8 49-0 28-0 88-0 
ll 43 12-9 44-0 29-5 87-5 
12 48 12-3 47-0 26-0 89-0 
13 51 14:3 49-0 29-5 90-5 
14 45 12-2 47-0 26-0 85-5 
15 53 12-0 44-0 26-0 83-5 
16 42 13-1 42-0 31-0 86-0 
17 46 141 45-0 31-5 89-5 
18 5-4 15-5 53-0 29-0 88-0 
19 5-0 12-6 43-0 29-5 81-8 
20 49 15-5 48-0 32-0 85-0 
21 73 17-6 67-0 26-0 86-5 
22 46 14-3 47-0 30-5 90-0 
23 49 14-0 51-0 27-5 89-0 
24 49 16-0 51-0 31-0 85-7 
25 4-5 14-0 44-0 32-0 87-5 
26 5-1 14-8 50-0 29-5 86-0 
27 5-3 13-1 52-0 25-0 77-0 
31 4-9 14-2 44-0 32-5 
32 47 13-9 46-0 30-0 89-5 
33 5-2 16-0 50-0 32-0 78-0 
34 5-8 16-2 56-0 29-0 81-5 
35 18-6 57-5 32-0 
36 5-8 17-5 55-0 30-0 
Mean 5-18 15-0 51-0 29-3 85-2 
Control group 
28 4-6 13-9 49-0 28-5 92-0 
29 5-5 15-5 51-0 30-0 93-0 
30 152 48.0 320 92.0 
Mean 5-17 14-9 49-3 30-2 92-3 
The value for arterial oxygen saturation is the average of estimations over 12 months. 
Results 


Peripheral blood and arterial blood gases. From Table II it will be seen that 
the peripheral blood values in the hypoxic and the control groups were similar. 
The mean figures for the red-cell counts were 5,180,000 and 5,170,000 per cu. mm. 
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Plasma Iron Concentration, Plasma Iron Clearance; and Red-Cell 
Volume in 33 Hypowic and 3 Control Emphysematous Subjects 
Red-cell 
% volume 
(ug-/100ml.)  perhour  (mg.j/kg./day) wuptakeof*Fe (ml./kg.) 


57-6 


I 
2 
3 
4 
5 
6 
7 
8 
9 


115 
117 
102 


Mean 86-3 
8.D.+ 27-4 


Control group 
28 97 


29 94 
30 77 


Mean 89-3 
Significance 
of difference 
between means 


Normal men 
Mean (28) 110-4 
s.p.+ 50-5 


The mean plasma iron concentration of the hypoxic group was significantly lower than 
that of 28 normal men (P < 0-05). 


140 
Cas 
group 
125 0-77 0-98 87-0 
. 106 0-67 0-66 94-0 42-5 
76 0-73 0-38 70-0 50-5 
“ig 130 0-46 0-54 69-0 29-4 
106 0-46 0-40 78-2 27-9 
— 57 0-99 0-83 96-4 49-1 
98-5 0-54 0-47 73-7 36-4 
-s 66 1-19 0-88 100-0 60-6 | 
- 89 0-39 0-30 91-2 30-9 
10 47-65 0-60 0-30 92-5 36-5 
96 0-42 0-42 74-0 29-8 
12 72 0-45 0-33 31-8 
13 43 0-88 0-34 30-5 
* 14 47 0-87 0-47 78-4 37-0 a. 
oe 15 80 0-76 0-67 85-1 31-5 : 
ae 16 50 0-63 0-45 90-0 37-6 
a 17 79 0-47 0-38 71-8 29-7 ae 
18 75 0-61 0-37 87-9 31-8 
19 38 1-04 0-51 93-7 35-2 
20 141 0-44 0-65 34-8 
a 21 101 0-92 0-81 95-2 58-6 Bi: 
22 74 0-56 0-33 76-1 25-4 7S 
23 94 0-55 0-49 82-5 34-1 
24 97 0-58 0-60 37-9 
aie 25 118 0-48 0-48 77-6 24-2 
= 26 80 0-61 0-58 98-7 41-8 
ee 27 24 1-81 0-56 100-0 49-4 
32 0-32 0-42 74-4 29-8 
33 0-60 0-72 ‘i 36-6 
34 0-77 0-72 40-4 
+0-298 +0-184 +9-67 
0-53 0-37 83-8 24-8 
0-50 0-35 27-4 
0-63 0-36 66-6 24-3 
0-553 0-36 75-2 25-5 
P<001 P< 001 = 
; : 
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respectively, compared with the normal of 5,400,000 per cu. mm. Only two 
patients in the hypoxic group were polycythaemic as judged by the red-cell 
count, and only one as judged by the haemoglobin concentration. The mean 
corpuscular haemoglobin concentration varied from 25-5 to 32 per cent., and 
was below the normal range of 32 to 36 per cent. (Wintrobe, 1946) in all but 
eight patients. The arterial oxygen saturation figures in Table II are the means 
of serial out-patient estimations (usually two or three) performed during the 
preceding 12 months. The arterial saturation at the time of the first test of 
plasma iron clearance was within 5 per cent. of the mean of the serial values in 
24 out of 28 patients. The arterial oxygen saturation in Cases 31, 35, and 36 was 
below 92 per cent., but was too variable to allow an estimate of the average value 
to be made. The arterial carbon-dioxide tension was above the normal range of 
35 to 45 mm. Hg (Sunderman and Boerner, 1949) at the time of the Fe clear- 
ance test in 13 patients in the hypoxic group. The pH of arterial blood was within 
the normal range of 7-35 to 7-45 (Sunderman and Boerner, 1949) in every patient. 


Iron metabolism. From Table III it can be seen that the plasma iron concen- 
tration in the hypoxic group was abnormally low, the mean being 86-3 yg. 
per 100 ml. of plasma, compared with the normal of 110-4 yg. The total iron- 
binding capacity in the 11 hypoxic patients in whom it was estimated tended to 
be raised. The mean was 378 yg., with a range of 248 to 500 yg., iron per 100 ml. 
plasma, whereas the normal mean and range are 315 yg. and 249 to 378 yg. per 
100 ml. plasma respectively (Laurell, 1947). The effect on the plasma iron level 
of an oral dose of 1 g. of ferrous sulphate was measured in 17 male hypoxic 
patients. A significant rise occurred in all cases, the mean being 134 yg. per 
100 ml. plasma, which is higher than the mean increase of 60 yg. reported in 
normal subjects by Verloop, Meeuwissen, and Blokhuis (1958). 


5°Fe clearance studies were carried out in 30 patients from the hypoxic group 
and three from the control group ; the results are given in Table III. The mean 
value for plasma iron clearance in the hypoxic patients was greater than that 
found in patients with normal arterial oxygen saturation, the values being 
0-53 mg. and 0-36 mg. per kg. per day respectively. The mean value in the 
control group was similar to that obtained by Huff, Hennessy, Austin, Garcia, 
Roberts, and Lawrence (1950) in normal people (0-35 mg. per kg. per day ; range 
0-31 to 0-39 mg.). The percentage of the injected dose of Fe that was taken 
up by the red cells was greater in the hypoxic patients than that found either 
in our control group or in the normal subjects studied by Huff and his colleagues 
(1950), the values being 84-3, 75-2, and 75 per cent. respectively. The rate of 
plasma iron clearance was inversely proportional to the arterial oxygen satura- 
tion (Fig. 2). This finding could not have been secondary to an association 
between the severity of the hypoxia and the plasma iron concentration, since 
no such correlation could be demonstrated (r = 0-07; P = 0-6 to 0-5). The iron 
clearance tests were repeated in 15 instances. In four patients the hypoxia had 
become more severe since the initial test, and a marked increase in the rate of 
clearance was found. The rate constant increased by an average of 137 per cent. 
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(Fig. 3), and the mean increase in plasma iron clearance was 152 per cent. In 
contrast, the patients whose arterial oxygen saturation had stayed within 5 per 
cent. of the original level showed little change in the rate of plasma iron clear- 
ance (—33 to +34 per cent.). 


ONYGEN SATURATION 


PLASMA IRON CLEARANCE IN mg IRON per tg per dey 


Fie. 2. The plasma iron clearance rate plotted against the arterial oxygen saturation 
in 33 emphysematous patients. 


Assuming that the plasma iron clearance is a measure of erythropoiesis, the 
results can be stated as follows: 


1. The rate of erythropoiesis was normal in the three patients with normal 
arterial oxygen saturation. 

2. Red-cell production was increased by 40 to 50 per cent. in the hypoxic 
group of patients. 

3. The rate of erythropoiesis varied between different patients according to 
the severity of their hypoxia. | 

4. When the degree of hypoxia remained constant in a patient, there was 
little change in the rate of red-cell production ; but during acute episodes of 
unusually severe hypoxia a marked increase in the rate occurred. 


Red-cell life. The mean half-life of the red blood cells was measured in eight 
patients, and was normal in seven. One (Case 8) was suffering from an acute 
episode of increased hypoxia at the time of the study ; in the other patients the 
arterial oxygen saturation had been steady for some months. The mean value 
for the eight patients was 25 days, which is similar to the mean in normal 
subjects (26 days) as reported by Read, Wilson, and Gardner (1954). The mean 
half-life of the red cells in Case 8 was 15 days; all the other patients showed 
values within the normal range of 23 to 30 days. 
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Blood volume. The figures for red-cell volume obtained in the emphysematous 
patients in the present study are given in Table III. The mean red-cell volume 
of the hypoxic group (37-9 ml. per kg.) was greater than that of the control group 
(25-5 ml. per kg.), and was 34 per cent. above the normal mean (28-3 ml. per kg.) 


reported by Huff and Feller (1956) (TableIV). The red-cell volume was related to 
the severity of the hypoxia as judged by the arterial oxygen saturation (Fig. 4). 
The mean in 15 patients with a history of cardiac failure was slightly above 
that found in the 18 patients without such a history, the values being 39-6 and 
36-5 ml. per kg. respectively, but the difference was not significant (P = 0-4 to 
0-3). A second estimation of red-cell volume was made between two and 11 
months after the initial study in 13 of the hypoxic patients, and a third in five 
patients. In nine cases the arterial oxygen saturation remained steady, and 
there was little change in red-cell volume (— 6-7 ml. per kg. to +5-3 ml. per kg.). 
The greatest increases (11-2 and 6-0 ml. per kg.) in red-cell volume occurred in 
two patients whose arterial oxygen saturation had fallen since the initial blood- 
volume study (Table V). Two other subjects investigated for the second time 


he CLEARANCE 
G 
severe hypoxie 
TIME IN MINUTES AFTER "Fe 
Fic. 3. The radioactivity in the plasma following an intra- 
venous injection of **Fe is plotted on a semilogarithmic 
scale against time. The mean slope for the hypoxic 
: emphysematous patients is steeper than normal (Huff, 
Hennessy, Austin, Garcia, Roberts, and Lawrence, 1950; 
Ledlie and Baxter, 1954), while the slopes of the lines 
for patiente studied when more hypoxic than usual are 
even steeper. 
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during acute episodes of severe hypoxia showed little change in red-cell volume, 
but a decrease in plasma volume. 


IV 


Mean Red-Cell Volume in the Emphysematous Patients of the Present Series 
compared with Normal Subjects studied by Huff and Feller (1956) 
Mean red-cell Standard 
Source Subjects Sex Number Method volume (ml./kg.) deviation 


Hypoxic M 30 : 
3} Cr, 37-9 9-66 
Control 
emphysema M 3 25-5 ci 
Huff and Normal M 42) icy 28-27 411 
Feller (1956) F 20 24-24 2-59 


Present series 


The mean plasma volume in the hypoxic group of patients was larger than 
that found in the control group, the values being 42-6 and 30-6 ml. per kg. 
respectively (Tabie VI). The mean in the 15 hypoxic patients who were known 
to have had cardiac failure was 45-8 ml. per kg., whereas the mean in patients 
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Fro. 4. Arterial oxygen saturation plotted against red-cell 

volume in 30 emphysematous patients. There is a signifi- 

cant correlation between the two variables; r = —0-59, 
P < 0-001. 


without such a history was only 40-2 ml. per kg. Elmlinger, Huff, Tobias, and 
Lawrence (1953), who used similar methods to estimate the plasma volume, 
found that the normal value lay within the range 32 to 45 ml. per kg. Ten of the 
patients in the present study had values above this range; all were chronically 
hypoxic, and eight had a previous history of cardiac failure. The wide range of 
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plasma volume in the patients in the hypoxic group (28-6 to 61-4 ml. per kg.) 
rendered the peripheral red blood-cell count and haematocrit level poor guides 
to the total red-cell volume. For example, one patient (Case 3) had polycythae- 
mia, the red blood count being 7,900,000 per cu. mm., the haematocrit level 
69-5 per cent., and the haemoglobin 20-6 g. per 100 ml., whereas in Case 27 


TABLE V 
Estimations of Red-Cell Volume Repeated in Four Patients 


In all cases the arterial oxygen saturation had fallen since the initial blood-volume study. 
Cases 8 and 27 were investigated for the second time during acute hypoxic episodes. 


Change in Change in 
Interval Red-cell red-cell plasma volume 
between tests volume volume (ml./kg.) 
(months) (ml./kg.) (ml./kg.) 
61-7 +11-2 +3-9 
+63 
—10-0 


Mean Plasma Volume in Hypoxic Emphysematous Patients With and Without 
Cardiac Failure, and in Control Emphysematous Patients 
Mean plasma Past history Mean plasma 
Number (ml./kg) cardiac pe Number volume (ml./kg) 
15 45-8 


42-6 
No 18 40-2 


30-6 No 
P< 0-05 P< 0-05 


the peripheral blood was normal, the values being 5,300,000 cells per cu. mm., 
52 per cent., and 13-1 g. per 100 ml. respectively. The total red-cell volumes, 
however, were almost identical in the two: in Case 3 50-5 ml. per kg., and in Case 
27 49-4 ml. per kg. 


Di 


The mean arterial oxygen saturation in the hypoxic group of emphysematous 
patients in this investigation was similar to the value to be expected in normal 
subjects living at an altitude of 12,000 feet (Armstrong, 1952) ; but the mean red 
blood count, haematocrit level, and haemoglobin in the emphysematous patients 
were much lower than those reported to occur in normal residents at such an 
altitude (Table VII). It was suggested by Wilson, Borden, and Ebert (1951) that 
chronic bronchial infection might depress erythropoiesis in emphysema. They 
reported that their patients commonly had a reduction in plasma iron concen- 
tration comparable to that present in patients with the ‘anaemia of infection’ 


Case 7 
number r. 
: 3 
- 
8 
27 
VI 
Control 
emphysema ‘ 3 
‘ Significance of differ- 
ence between 
means ° 
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(Cartwright, Lauritsen, Jones, Merrill, and Wintrobe, 1946). Certainly the plasma 
iron concentration in the hypoxic emphysematous subjects of the present 
study was below normal, but only six out of 30 had values as low as those 
reported by Cartwright and his colleagues. In addition to a low plasma iron 
concentration, patients with the ‘anaemia of infection’ have a reduced 


VII 
Peripheral Blood Findings 
The hypoxic patients in the present series are compared with healthy residents at an 


altitude of 12,000 feet, and with emphysematous subjects with arterial oxygen saturations 
of 90 per cent. or lees reported by other workers. 


Mean values 
Number Red-cella Haema- Haemo- 
of (10° per tocrit level globin 
Authors subjects Deacription cu. mm.) (%) (g./100 ml.) 
Wintrobe (1946) ‘ as Normal 5-4 47-0 16-0 
Present series . % 33 Hypoxic emphy- 5-18 51-0 15-0 
sema 
Simpson (1957) . e 74 x 5-21 50-6 14-6 
Wilson, Borden, and 
Ebert (1951) ‘ 14 ai 5-04 51-7 15-2 
Ratto, Briscoe, Morton, 
and Comroe (1955) 43 47-1 14-1 
Hurtado, Merino, and 
Delgardo (1945) . ~=Altitude residents 5-67 54-1 18-8 


plasma iron-binding capacity, and the plasma iron fails to increase after an oral 
dose of iron (Cartwright and Wintrobe, 1955). In the emphysematous subjects 
of the present study the iron-binding capacity, and the rise of plasma iron con- 
centration after an oral dose, were abnormally large. These findings are 
typical of iron deficiency (Laurell, 1947; Verloop, Meeuwissen, and Blokhuis, 
1958), but quite unlike those reported in the ‘anaemia of infection’. It does not 
seem, therefore, that erythropoiesis was depressed by chronic infection in our 
patients. In fact, estimates of red-cell production in the hypoxic subjects 
implied that it was abnormally rapid. 

Simpson (1957) suggested that chronic loss of blood, either by spontaneous 
haemorrhage or from a peptic ulcer, might be responsible for the rarity of 
polycythaemia in emphysema. Only one of the subjects of the present study, 
however (Case 8), had a shortened red-cell life. It seems, therefore, that while 
red-cell production was increased in the hypoxic patients, cell destruction or 
loss continued at the normal pace. In these circumstances it might be expected 
that the total volume of red cells would rise above normal. 


Red-cell volume. In hypoxic emphysematous patients without cor pulmonale 
the packed cell volume has been reported to be normal or only slightly increased 
(Lemon, 1930; Kaltreider, Hurtado, and Brooks, 1934; Harvey, Ferrer, 
Richards, and Cournand, 1951). With cor pulmonale, however, the red-cell 
volume rises (Lewis, Samuels, Daines, and Hecht, 1952; Herrmann and Shields, 
1958). Contrary to these findings, the red-cell volume in the hypoxic group of 
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patients of the present study was about 34 per cent. above normal, and the 
increase occurred irrespective of the presence or absence of cardiac failure. 


Plasma volume. Some of the patients in the present series showed an ab- 
normally large plasma volume. Clearly this could mask an increase in the red- 
cell volume, so that the peripheral blood count and haematocrit level would be 
poor guides to the presence of polycythaemia. The increase in plasma volume in 
the emphysematous patients remains unexplained. It is unlikely that hypoxia 
could have been responsible, because in normal subjects it is associated with 
a fall in plasma volume (Douglas, Haldane, Henderson, and Schneider, 1913; 
Asmussen and Nielsen, 1945), while in the present investigation the two patients 
studied during episodes of acute hypoxia had decreased plasma volumes. It 
may be relevant that the largest values for plasma volume were found in 
patients who had been in cardiac failure, because it has been shown that the 
plasma volume may be increased during or following this condition (Gibson and 
Evans, 1937; Hedlund, 1953; Schreiber, Bauman, Yalow, and Berson, 1954; 
Samet, Fritts, Fishman, and Cournand, 1957). ; 


Arterial oxygen saturation, erythropoiesis, and red-cell volume. The results of 
the present investigation indicate that in emphysematous patients erythro- 
poietic activity and red-cell volume are related to the severity of the hypoxia. 
It is surprising, therefore, that Hammarsten, Whitcomb, Johnson, and Lowell 
(1958) should have concluded that emphysematous patients fail to increase 
their rate of red-cell production when hypoxic. These workers found that the 
mean rate of plasma iron clearance in 12 hypoxic emphysematous patients was 
more than double the rate in eight control subjects, but the range of values in 
the hypoxic group was so wide that the difference was not statistically significant. 
In the present study the total range of clearance values in the patients with a 
constant degree of hypoxia was less than one-fifth of that found in the subjects 
investigated by Hammarsten, Whitcomb, Johnson, and Lowell. If, however, 
values obtained when our patients were acutely hypoxic are included, the 
ranges found in the two groups become similar. Fishman, Samet, and Cournand 
(1955) pointed out that in emphysema the arterial oxygen saturation tends to 
wax and wane. It might be expected that these fluctuations would be associated 
with changes in the rate of red-cell formation and total red-cell volume. Since 
erythropoiesis can respond to stimuli within a few hours, whereas the total red- 
cell volume changes slowly, alterations in these two variables may not necessarily 
be in phase. This point can be illustrated by comparing the serial findings in 
three cases in the present study. The data of arterial oxygen saturation, red-cell 
volume, and plasma iron clearance in Cases, 3, 8, and 5 are given in Fig. 5. The 
first patient (Case 3) was slightly hypoxic in the summer of 1956. By October 
his oxygen saturation had fallen, and in response the iron clearance and red-cell 
volume had increased. The following summer his arterial oxygen saturation 
rose, the iron clearance rate fell to normal levels, and the cell volume began to 
decrease, although at the time of the final study it had not returned to normal. 
The second patient (Case 8) started the winter of 1956 moderately hypoxic, with 


a 
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& proportionate increase in plasma iron clearance and red-cell volume. He then 
had an acute attack of bronchopneumonia, and his arterial oxygen saturation 
dropped to a very low level. Within a few days his iron clearance rate had more 
than doubled, but simultaneous estimation of the red-cell volume showed that 
it had not had time to increase. The remaining patient (Case 5) maintained a 
steady arterial oxygen saturation throughout the year of study, while the plasma 
iron clearance and red-cell volume remained similarly constant. 


CASE NOS 


REA 


“ 


ARTERIAL OXYGEN SATURATION % 
TOTAL RED-CELL Kuo. (TACY) 


Fie. 5. The results of serial studies of arterial oxygen saturation, red-cell volume, and plasma iron 
clearance rate, in three emphysematous patients (Cases 3, 8, and 5) are compared. 


Red-cell volume in mountain dwellers and in emphysematous patients. The 
pattern of the haematological response to hypoxia in the subjects of the present 
study was normal; but were the changes quantitatively normal? The mean 
values for red-cell volume in groups of normal subjects resident at various 
altitudes are given in Table VIII. The data in the Table were used to calculate 
the relationship of the red-cell volume to the arterial oxygen saturation, and 
from this the expected red-cell volume at an arterial oxygen saturation of 85-2 
per cent. would be 134 per cent. of the sea-level value. If the sea-level value is 
28-3 ml. per kg., the mean red-cell volume of healthy subjects with a persistent 
arterial oxygen saturation of 85-2 per cent. should be 37-5 ml. per kg. This is 
virtually identical with the value of 37-7 ml. per kg. found in the 30 emphy- 
sematous patients of the present series who were suffering from a similar degree 
of hypoxia. To compare the red-cell volume of mountain dwellers with that of 
the emphysematous patient at different degrees of hypoxia, the patients in the 
present study were divided into groups of five on the basis of their arterial 
saturation. The mean arterial oxygen saturation and red-cell volume of each 
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group were then plotted in Fig. 6. The mean results in the three patients who 
had normal arterial oxygen saturation were plotted as a separate group. It 
seems that the response to hypoxia, as judged by the red-cell volume, is 
similar in both normal subjects and emphysematous patients; there is no 
significant difference between the regression lines for the two types of subject. 
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Fie. 6. The mean arterial oxygen saturation plotted against the mean red-cell 

volume in groups of healthy high-altitude residents and emphysematous patients, 

The difference between the slopes of regression lines for the two types of subject 
was not statistically significant: P > 0-05. 


In this discussion the degree of hypoxia has been judged by the arterial 
oxygen saturation. Berlin, Lawrence, and Elmlinger (1957) and Sacks (1958) 
have suggested that it is the tissue oxygen tension rather than the arterial 
saturation that controls erythropoiesis. There are serious technical difficulties 
in measuring the tissue oxygen tension, but an approximation to the oxygen 
tension in mixed venous blood, which is similar to it, can be obtained by using 
the data of Rahn and Fenn (1955). By this method of analysis the mean mixed 
venous oxygen tension in the eight most hypoxic patients in the present study 
was found to be similar to that observed in a group of healthy men living at a 
height of 15,000 feet who were investigated by Hurtado, Velasquez, Reynafarje, 
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Lozano, Chavez, Aste-Salazar, Reynafarje, Sanchez, and Mufioz (1956). The 
mean red-cell volume in the residents at high altitude was 164 per cent. of the 
normal value, while in the eight emphysematous patients it was 165 per cent. ; 
hence the erythropoietic response to a similar hypoxic stimulus was identical in 
the two groups. 

Tasie VIII 


Blood-Volume Data at Various Altitudes 


Red-cell 
Number Arterial volume as %, 
of oxygen of sea-level Methodof Type of 
subjects saturation value measuring subject 

Lewis, Samuels, Daines, ssp; Residents 

and Hecht (1952) . 10 D 118 Evans blue 
Lippmann (1926) 121 Congo red Sojourners 
Lozoya Solis (1936) . 113 (Vital) red Residents 
Smith, Belt, Arnold, 

and Carrier (1925) . 119 
Huff, Lawrence, Siri, 

Wasserman, and Hen- 

nessy (1951) . 147 
Hurtado, Merino, and 

Delgardo (1945) é 154 
Hurtado, Velasquez, 

Reynafarje, Lozano, 

Chavez, Aste-Salazar, 

Reynafarje, Sanchez, 

and Mufioz (1956) . 14,900 164 Evans blue Residents 
Rotta, Cénepa, Hur- 

tado, Velasquez, and 14,900 

Chavez (1956) . 82a level 6 79-5 131 Evans blue Residents 


Subjects described as residents had lived at the particular altitude for at least one year. Sojour- 
ners were those who had remained at altitude for at least one month but less than a year. The 
figures for arterial oxygen saturation were deduced from the data of Armstrong (1952). 
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Summary 


1. A study has been made of the peripheral blood, arterial blood gases, and 
blood volume, in 36 emphysematous patients. In 33 of these patients erythro- 
poietic activity was estimated with **Fe. Measurements of the effect of oral iron 
upon the plasma iron level, plasma iron-binding capacity, and red-cell survival, 
were made in 17, 11, and eight patients respectively. 


2. Studies of iron metabolism in the hypoxic patients showed that erythro- 
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poiesis was not depressed by chronic bronchial infection. On the contrary, red- 
cell production was increased by an average of 40 per cent. 


3. Red-cell survival time appeared to be normal in seven of the eight patients 
in whom it was estimated. 


4. The mean peripheral red-cell count, haemotocrit level, and haemoglobin 
concentration, in three patients with normal arterial oxygen saturation were 
similar to those found in 33 hypoxic subjects. The mean red-cell volume, how- 
ever, was much greater in the latter group, and was 34 per cent. above normal. 
In addition, the plasma volume in the 33 hypoxic patients was larger than in the 
others, and 10 hypoxic patients had plasma volumes above the normal range. 


5. It is suggested that patients suffering from emphysema respond to hypoxia 
by increased erythropoiesis. When the hypoxia persists, an increase in red-cell 
volume can be measured. A parallel rise in plasma volume commonly occurs, so 
that the peripheral blood count and haematocrit level do not reflect the enlarged 
red-cell volume. Thus polycythaemia is common in emphysema, provided that 
it is judged by the total red-cell volume rather than by the peripheral blood 
count. Further, the increase in red-cell volume is of a magnitude similar to that 
occurring in normal people who are hypoxic from residence at high altitude. 
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THE MECHANISM OF ASCITES FORMATION 
IN CHRONIC LIVER DISEASE?! 


By MICHAEL ATKINSON anp M. 8. LOSOWSKY 
(From the Department of Medicine, University of Leeds) 


Ascrres has been known to complicate liver disease since Hippocratic times, 
yet the exact importance of the several factors concerned in its formation has 
still to be clearly defined. Starling (1895-6) propounded the view that the 
interchange of fluid between capillaries and tissue spaces depends on the resul- 
tant of the hydrostatic and osmotic forces inside and outside the vessel. If this 
concept is applied to the formation of ascites in chronic liver disease, it will be 
apparent that an increase in intracapillary pressure resulting from increased 
resistance to portal venous flow, or a decrease in the colloid osmotic gradient 
resulting either from a reduction in plasma-albumin levels or, less probably, 
from an increase in capillary permeability to protein, might be operative factors. 

Hypoproteinaemia was noted in cirrhotic patients with ascites by Gilbert and 
Chiray (1907) and Grenet (1907). That it was due principally to a reduction in 
the albumin fraction was shown by Filinski (1922), whose findings have since 
been amply confirmed (Table I). Although at first considered to be the result 
of loss of protein into the peritoneum (Gilbert and Chiray, 1907), hypoprotein- 
aemia was later recognized as being causative in ascites formation. Difference 
of opinion exists, however, as to whether there is a critical level of serum albumin 
below which ascites forms. Ricketts (1951) found that ‘plasma-albumin levels 
in patients with cirrhosis and ascites were consistently below 3 g. per cent., 
while those of normal persons and patients with cirrhosis but without ascites 
exceeded this figure’. On the other hand, such a clear division between plasma- 
albumin levels in patients with and those without ascites has not been found 
by the majority of investigators in this field (Table I), whose findings suggest a 
considerable range of overlap in albumin values in the two groups of cirrhotic 
subjects. Although albumin makes the greatest contribution to plasma colloid 
osmotic pressure, globulins have osmotic activity, and for this reason direct 
measurements of plasma colloid osmotic pressure are preferable, and might be 
expected to give a better separation between the ascitic and the non-ascitic 
groups of patients with portal cirrhosis. Bjorneboe, Brun, and Raaschou (1949) 
found serum colloid osmotic pressures of less than 230 mm. H,0O in nine patients 
with chronic hepatitis complicated by oedema and ascites, whereas the pressure 
was 237 mm. H,O or more in 13 patients without fluid retention. Others, 
however, have been unable to find such a clear-cut demarcation between the 
serum colloid osmotic pressures in patients with and in those without ascites. 

1 Received March 9, 1960 
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Armstrong (1948) found that the critical level of serum colloid osmotic pres- 
sure for ascites formation in patients with liver disease varied from patient to 
patient. Giges and Kunkel (1954) found a wide overlap between the serum 
colloid osmotic pressures in ascitic and non-ascitic cirrhosis of the alcoholic and 
nutritional types, although a much clearer demarcation was apparent when 
they were dealing with the idiopathic type of cirrhosis, such as that found in 
Bjorneboe, Brun,and Raaschou’s patients. 


I 
Serum-Albumin Levels in Liver Disease with and without Ascites 


Myers and Keefer (1935) . 
Foley, Keeton, Kendrick, 

Darling (1937)? . 1-38 to 3-08 
Tumen and Bockus* (1937) 2-24 to 3-50 
Butt, Snell, and Keys (1939) . 0-88 to 3-50 
Post and Patek (1942) . ° , 5 1-5 to 3:3 
Ralli, Robson, — and Hoag- 

land (1945) . : 

Higgins, Kelsall, "Brien, 

Stewart, and Witte (1947) 
Ricketts, Sterling, Kirsner, and 

Palmer (1949) 

Whitman, Rossmiller, r, amd Lewis 

(1950) * 39 
Krook (1956) ¢ 40 
Present series 25 


1 Excluding cases described as acute yellow atrophy, cardiac cirrhosis, biliary cirrhosis, and 
amyloidosis. 

® Cases of portal cirrhosis only included. 

% Using electrophoretic methods; lower limit of normal 3-72 g./100 ml. 

* Using electrophoretic methods ; lower limit of normal 4-20 g./100 ml. Excluding cases of 
cardiac cirrhosis. 


In general, where more than one reading is given for any patient, the first has been used. When 
ascites appeared or disappeared while under observation, the patient has been included in both 
groups. 

Portal hypertension is generally agreed to contribute to ascites formation in 
chronic liver disease. Bright (1827) stated that liver disorders ‘produce very 
general obstruction to the circulation through the branches of the vena portae, 
and become in this way the immediate cause of dropsical effusion ...’, and 
Madden, Loré, Gerold, and Ravid (1954), maintained that ‘the primary factor 
in the formation of ascites is an obstruction of the outflow tract of the liver, 
namely, the hepatic veins’. Most workers in this field, however, have ascribed 
a lesser importance to portal hypertension in the pathogenesis of ascites, re- 
garding it only as an adjuvant factor to hypoalbuminaemia (Ricketts, 1951 ; 
Hyatt and Smith, 1954). Portal hypertension alone seldom causes ascites, as 
is indicated by the rarity of this complication in extrahepatic portal obstruction 
when liver disease is absent (Walker, 1952; Hunt, 1952). Considerable doubt 
exists as to whether the degree of portal hypertension bears any relationship to 
the accumulation of ascites. Davidson, Gibbons, and Faloon (1950), measuring 
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the pressure in a collateral vein on the anterior abdominal wall in eight patients 
with cirrhosis, six of whom had ascites, found no correlation between this 
pressure and the presence of ascites. Many deny that a relationship existe 
between ascites and portal hypertension; Hunt (1952) stated that ‘the portal 
pressures are of interest because they are in no way related to the presence or 
absence of liver disease or to the degree of ascites’. Taylor and Myers (1956) 
found the occluded hepatic venous pressure to be no higher in cirrhotic patients 
with ascites than in those without this complication. Krook (1956), however, 
found that the occluded hepatic venous pressure was, on average, higher in 
those with ascites, but that there was a considerable degree of overlap between 
the two groups. Sherlock (1959) mentioned that patients are seen with a high 
effective portal pressure, but no ascites, or with a portal pressure which is 
hardly raised, but with ascites. Krook (1956) considered that both portal 
hypertension and hypoalbuminaemia contributed to ascites formation, and 
found that in patients with ascites the ratio between occluded hepatic venous 
pressure and serum albumin exceeded 7-3. 

The aim of the present study is to examine further the roles of hypoalbumin- 
aemia and portal hypertension in the pathogenesis of ascites in chronic liver 
disease, and to find whether any quantitative relationship exists between the 
extent of these derangements and the occurrence of ascites. 


Patients Studied (Tables II and ITT) 

Forty-nine patients with chronic liver disease were studied, histological proof 
of the diagnosis being obtained in 42, either by needle biopsy or by biopsy at 
operation. Alcohol appeared to be the cause of the liver lesion in four patients, 
each of whom, in addition to the histological picture of cirrhosis, showed an 
excess of fat in the liver cells. Four patients had, within the previous three 
years, suffered from infective hepatitis which had progressed without remission 
to cirrhosis. Two patients had haemochromatosis, and one suffered from the 
Budd-Chiari syndrome, which had been present for 32 years. In the remaining 
38 patients the aetiology of the liver lesion was not apparent. Twenty-four of 
the 49 patients were accumulating ascites at the time of study. The duration 
of the ascites varied from a few weeks to eight years. The other 25 patients 
had no ascites as judged by the usual clinical criteria at the time when measure- 
ments were made, and showed no tendency to accumulate fluid during a period 
of observation in the ward; in only one of them had ascites ever been present 
in the past. 

Methods 

All patients were undergoing in-patient treatment during the period of study, 
and all those with ascites had been taking a diet containing 0-5 g. sodium 
daily for at least five days before the initial measurements were made. None 
had been given diuretics during the three days preceding estimations of intra- 
splenic pressure. Further measurements were made after treatment with 
diuretics (chlorothiazide or mersalyl) in 14 patients, and in one other patient 
after portacaval anastomosis. 
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Serum-protein estimations were made with the biuret technique of Kingsley 
(1939), the separation of albumin and globulin being effected by the ether 
technique of the same author (Kingsley, 1940), using 23 per cent. anhydrous 
sodium sulphite as the salting-out solution. 


Tasie II 
Patients Without Ascites 
Intra- Serum 
pressure Albumin Globulin 
(om.H,O)}  (g./100 ml. 
32 
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Budd-Chiari syndrome 
Post-hepatitis cirrhosis 
Portal cirrhosis and haemochromatosis 


Post-hepatitis cirrhosis 
Portal cirrhosis 
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Intrasplenic pressure has been shown to bear a close relationship to portal 
venous pressure (Atkinson and Sherlock, 1954), and in the present study intra- 
splenic pressure was used to assess the presence and degree of portal hyper- 
tension. Intrasplenic pressure was measured by percutaneous splenic puncture, 
using a simple manometer attached directly to the needle. Details of the 
method have been described elsewhere (Atkinson, 1959). 


Results 


Serum proteins. Albumin accounts for the greater part of serum colloid 
osmotic pressure and, as would be expected, the serum-albumin level was 
generally lower in patients with ascites than in those without. The mean value 
of 2-76 g. per 100 ml. in the group with ascites was significantly lower than 
that of 3-75 g. per 100 ml. in the group without ascites (standard error of dif- 
ference 0-18; P < 0-001). The overlap between the two groups, however, was 
considerable (Fig. 1), and there was no critical value of serum albumin at 
which ascites appeared. Ascites was absent in all patients with serum-albumin 
levels greater than 3-7 g. per 100 ml., and was invariably present in those in 
whom the level was below 2-5 g. per 100 ml. Eighteen of the 24 patients with 
ascites, and 13 of the 25 without ascites, had serum-albumin levels falling 
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within the range of overlap (2-5 to 3-7 g. per 100 ml.). The serum-globulin 
levels were slightly higher in the group with ascites (mean value 3-47 g. per 
100 ml.) than in the group without ascites (mean value 3-06 g. per 100 ml.). 
If those patients are selected whose serum albumin fell within the range of 
overlap, the mean serum-globulin level was approximately the same in the 
ascitic (3°19 g. per 100 ml.) and the non-ascitic (3-26 g. per 100 ml.) groups. 


NO ASCITES ASCITES 
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Fie. 1. Serum-albumin levels in patients with 
chronic liver disease with and without ascites. 
A considerable degree of overlap is shown. 


Hence a greater contribution by globulin to serum colloid osmotic pressure 
could not account for the absence of ascites in patients having albumin levels 
within the range of overlap. 


The protein content of ascitic fluid was measured in twenty patients, and 
repeated after treatment in eight. The total protein content never exceeded 
3-2 g. per 100 ml., and was usually between 1 and 2 g. per 100 ml. The albumin 
content varied from 0-3 to 1-8 g. per 100 ml. and, in general, increased as the 
level of serum albumin increased (Fig. 2) (correlation coefficient 0-63 ; P < 0-001). 
The difference in albumin concentration between the serum and the ascitic 
fluid presumably reflects the osmotic gradient across the splanchnic capillary 
wall. The trend was for this difference to increase as the serum-albumin level 
rose (correlation coefficient 0-46; P < 0-02). The serum-albumin level there- 
fore presumably gives a very approximate indication of the colloid osmotic 
gradient between the serum and ascitic fluid. The total globulin content of 
the ascitic fluid showed no obvious relationship to that of the serum, but, since 
the contribution by globulin to the colloid osmotic pressure is relatively 
small, these figures have not been analysed further. 
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Intrasplenic pressure was, in general, higher in the ascitic group than in the 
group without ascites (Fig. 3); the mean values for the two groups were 42°35 
and 29-44 cm. H,O respectively (standard error of difference 2-8; P < 0-001). 
The overlap between the two groups appeared just as great as in the case of 
serum albumin, and again there was no critical value at which ascites appeared. 
Twenty-two of the 24 patients with ascites, and 14 of the 25 without ascites, 


had intrasplenic pressures within the range of overlap (30 to 53 cm. H,O). 
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Fic. 2. The relation between serum and ascitic-fluid albumin 
levels in patients with chronic liver disease. Twenty-eight simul- 
taneous measurements in 20 patients are shown. In general, the 
higher the serum albumin, the higher the ascitic-fluid albumin 


The ascitic-fluid hydrostatic pressure (Table III), related to a point 5 cm. 
below the sternal angle, was used as an index of intra-abdominal tension. The 
mean pressure in 17 patients before treatment was 10-8 em. H,O. 


The relationship of serum albumin and intrasplenic pressure to the presence of 
ascites. The absence of any critical level of either serum albumin or intra- 
splenic pressure for ascites formation is compatible with the view that ascites 
is caused, in the majority of patients, by a combination of these two factors, 
each present in varying degree. If this were so, the ascites threshold for serum 
albumin might depend upon the level of portal venous pressure, and vice versa. 
To test this view, serum-albumin levels were plotted against intrasplenic 
pressure (Fig. 4). A straight line drawn in an arbitrary way separated all the 
patients with ascites from all except two of those without ascites. This method 
gave a much better separation between the ascitic and non-ascitic patients 
than one based on either serum albumin or intrasplenic pressure alone. The 
equation to this line is 
10Xserum albumin (g./100 ml.)+4 = intrasplenic pressure (om. H,0). 
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Fic. 3. Intrasplenic pressure in patients 

with chronic liver disease with and without 

ascites. A considerable degree of overlap 
is shown. 
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Fic. 4, Serum albumin plotted against intrasplenic 

pressure in patients with chronic liver disease. A 

straight line can be drawn separating patients with 

from those without ascites, with a high degree of 
certainty. 
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Hence, given the value for either serum albumin or intrasplenic pressure, it 
is possible to predict with reasonable certainty the threshold level of the other 
at which ascites will accumulate. 


MEDICAL TREATMENT 


ASCITES ASCITES ASCITES 
INCREASED DECREASED LOST 


INTRASPLENIC PRESSURE (cm#He0) 


8 


2 40 2 30 
SERUM ALBUMIN (9./100m/ ) 


BEFORE TREATMENT @ AFTER TREATMENT @ 


Fic. 5. Serum albumin plotted against intrasplenic pressure before and after 
treatment of ascites. In patients who did not respond the values obtained after 
treatment still lay above the broken line representing the ascites threshold. In 
patients who responded the values after medical treatment and after portacaval 
anastomosis lay on the other side of the line. 


The effect of treatment. The validity of this equation was tested further by 
repeating these measurements after treatment of ascites in 15 patients. Of 14 
who had received diuretics, nine had lost their ascites, but five had failed to 
respond. The 15th patient lost her ascites after portacaval anastomosis. In 
Fig. 5 it will be seen that in none of the five patients who failed to respond to 
diuretics did the point representing the values after treatment lie on the non- 
ascitic side of the line of separation. In contrast, in each of the nine patients 
who responded to treatment, the point representing the values after treatment 
lay on the non-ascitic side of the line. This shift was principally due to a fall 
in intrasplenic pressure, but in some patients serum albumin increased during 
the treatment period. The post-operative point for the patient who lost ascites 
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after portacaval anastomosis also fell on the non-ascitic side of the line. These 
findings provide further substantiation that the equation 

10x serum albumin (g./100 ml.)-+-4 = intrasplenic pressure (em. H,O) 
expresses the threshold for accumulation of ascites. 


Di 


Our findings emphasize the fact that both portal hypertension and reduction 
in plasma albumin are concerned in the formation of ascites in chronic liver 
disease. Each of the 24 patients with ascites showed both an elevated intra- 
splenic pressure and a low plasma-albumin concentration. Although one or 
both of these factors were found in almost all of the patients without ascites, 
they were on the average present in a lesser degree than in those with ascites. 
We have demonstrated that hypoalbuminaemia and portal hypertension have 
an additive effect, the degree of the one necessary for ascites formation being 
dependent upon the extent of the other. This seems the probable reason why 
some patients with liver disease may show ample clinical and manometric evi- 
dence of portal hypertension and yet have no ascites ; presumably their plasma- 
albumin levels are not greatly reduced. The clear-cut separation between the 
ascitic and non-ascitic groups of patients obtained by plotting intrasplenic 
pressure against serum albumin enabled the threshold for ascites formation to 
be expressed by the equation 

10x serum albumin (g./100 ml.)+4 
Intrasplenic pressure (em. H,O) 


This ascites quotient will of course exceed 1 in patients who are not forming 
ascites, and in the normal subject gives a value of the order of 5. In cirrhotics 
who are forming ascites it is in our experience always unity or less. This quotient 
gives an indication of whether ascites is increasing or diminishing, rather than 
of whether it is present or absent. This was shown by the findings after treat- 
ment when the ascites threshold had been crossed : the ascites quotient exceeded 
unity, yet ascites was still present, but receding. 

By using the equation derived from our data the level to which intrasplenic 
pressure must be reduced, or serum albumin increased, to control ascites can 
be calculated, assuming that the other factor remains unchanged. Although 
serum-albumin concentration may be increased temporarily by infusions of 
human serum albumin, most methods used in the treatment of ascites appear 
to act principally by lowering splanchnic capillary pressure. Diuretics produce 
a fall in plasma volume, often causing an immediate but transient increase in 
plasma-protein levels and colloid osmotic pressure (Calvin, Decherd, and Herr- 
mann, 1940; de Vries, 1946). Reduction of plasma volume might also be ex- 
pected to cause a diminution of intrasplenic pressure. This effect has been 
found after diuretic therapy, and appears to be of longer duration than the 
changes in plasma-protein levels, which are usually not detectable after periods 
of 12 to 23 days of treatment (Atkinson, 1959). As the clinical response to 
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treatment is usually not short-lived, it seems probable that the reduction in 
splanchnic capillary pressure is the principal means by which diuretics ccntrol 
ascites formation. The findings after treatment provide further evidence that 
the equation derived from our data correctly expresses the ascites threshold ; 
changes in the ascites quotient after treatment agreed closely with the clinical 
response. Portacaval anastomosis generally causes a much greater fall in intra- 
splenic pressure than treatment with diuretics, but has not been used exten- 
sively in the treatment of ascites on account of the relatively high mortality of 
this operation in patients with advanced liver disease. Eisenmenger and Nickel 
(1956) emphasized the fact that portacaval anastomosis is often successful in 
controlling ascites in portal cirrhosis, and they described five patients in whom 
ascites was controlled by this means, giving details of serum-albumin levels, 
and measurements of portal venous pressure at operation, before and after 
anastomosis. The ascites quotient, calculated from their data, was 1 or less 
in four of these patients before operation, and rose to well above | after operation, 
as it did in our patient who lost her ascites after portacaval anastomosis. In 
their fifth patient, however, neither the pre-operative portal venous pressure 
nor the serum-albumin level was far outside the range of normal, and the 
quotient was well above unity before operation, rising even higher after porta- 
caval anastomosis. The reason for this discrepancy is not obvious, but may lie 
in the changes in splanchnic haemodynamics caused by general anaesthesia, 
which were described by Shackman, Graber, and Melrose (1953). 

It seems surprising that such a precise delineation between the ascitic and 
non-ascitic groups of patients can be obtained from a consideration of only 
two of the factors affecting fluid exchange across the splanchnic capillary wall, 
especially as we considered serum-albumin levels rather than serum colloid 
osmotic pressure measured directly. The hydrostatic pressure and colloid os- 
motic pressure of the ascitic fluid affect the passage of fluid across the splanch- 
nic capillary wall, and variations in these factors may be of importance in the 
pathogenesis of ascites in liver disease. Unless the abdomen is very tightly 
distended, the hydrostatic pressure of ascitic fluid seldom exceeds 15 cm. of 
water (when related to a point 5 cm. below the sternal angle). Intragastric 
pressures of this magnitude are found in health, and it seems probable that 
intra-abdominal pressure in many cirrhotics with ascites is not grossly above 
that present in normal subjects. Certainly, in clinical practice, intra-abdominal 
pressure seldom appears to rise high enough to prevent further accumulation 
of ascites. 

The significance of the protein content of the fluid in the peritoneum in the 
pathogenesis of ascites is difficult to assess. In our patients with portal cirrhosis 
the concentration of albumin in the ascitic fluid was, in general, directly re- 
lated to its concentration in the serum. Furthermore, the lower the serum- 
albumin level the smaller was the difference between it and the albumin level 
in the ascitic fluid, that is, in general, the lesser the osmotic gradient tending to 
prevent ascites formation. Hence in the patients with ascites the serum albumin 
roughly parallels the osmotic gradient between plasma and ascitic fluid. 
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Alteration of the permeability of the splanchnic capillary bed has been in- 
voked as a cause of ascites in liver disease. Studies with radio-iodine-tagged 
albumin suggest a rapid rate of passage of albumin into the peritoneal cavity 
in portal cirrhosis (Schoenberger, Kroll, Sakamoto, and Kark, 1952), and this 
has been taken as evidence of increased capillary permeability. This rate, 
however, is also governed by the hydrostatic pressure gradient across the 
capillary wall and the concentration of protein in the plasma, as well as by the 
thickness and surface area of the wall, which presumably remain relatively 
constant (Landis, 1946). These considerations must be taken into account 
before deciding that capillary permeability is abnormal. If the ratio between the 
albumin concentration in the ascitic fluid and that found in the serum is used as 
a measure of capillary permeability, this ratio is, in general, much lower in portal 
cirrhosis than in the exudative types of ascites. Rovelstad, Bartholomew, 
Cain, McKenzie, and Soule (1958) found it to be greater than 0-462 in 85 per 
cent. of patients with cancerous ascites, and less than this value in all cirrhotic 
patiente with ascites. Capillary permeability therefore appears much lower in 
patients with ascites caused by portal cirrhosis than in those with malignant 
ascites. Comparison with the normal subject is not possible, owing to the 
absence of information about the protein content of normal peritoneal fluid. 
Maurer, Warren, and Drinker (1940) found the total protein content of peri- 
toneal fluid in the normal dog, rabbit, and cat to be of the order of 1-5 to 3-5 g. 
per 100 ml. when the protein content of the serum ranged from 5-3 to 8-3 g. 
per 100 ml. Although these figures do not necessarily reflect albumin levels, the 
ratio between them is similar to that found in cirrhotic patients with ascites, 
suggesting that in these patients capillary permeability is not greatly increased. 
Furthermore, the albumin content of ascitic fluid in our patients was related 
to that of the serum, suggesting that capillary permeability did not vary greatly 
from one patient to another. Our findings suggest that the accumulation and 
regression of ascites in chronic liver disease are brought about in the main, if 
not entirely, by alterations in plasma-albumin concentration and in portal 
venous pressure (and hence splanchnic capillary pressure). Presumably other 
factors, such as aldosterone metabolism and the sodium content of the diet, 
affect the formation of ascites by their action on one or other of these two 
local mechanisms. 


We wish to thank the physicians and surgeons who referred patients, and 
Mr. F. J. N. Powell and Mr. B. Ellam for the protein estimations. 


Summary 


Intrasplenic pressure, and albumin and globulin levels in serum, and in 
ascitic fluid when present, have been measured in 49 patients with chronic 
liver disease. Twenty-four of these patients had increasing ascites at the time 
of the initial measurements; 25 had no ascites. 

Although the ascitic group showed a lower mean level of serum albumin and 
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a higher mean intrasplenic pressure than the group without ascites, the range 
of overlap between the two groups was considerable. The threshold level of 
intrasplenic pressure for ascites formation is directly related to the level of 
serum albumin, and vice versa. 

The ascites threshold could be expressed by the equation 

10 x serum albumin (g./100 ml.)+4 
Intrasplenic pressure (em. H,O) 
This quotient was 1 or less in all patients with ascites, and 1 or more in 23 of 
the 25 patients with no ascites. 

In 14 patients measurements were repeated after treatment of ascites, and 
changes in the ascites quotient corresponded well with the clinical response, 
confirming the validity of this quotient in relation to ascites formation. 

These findings support the view that fluid exchange between the splanchnic 
circulation and the peritoneal cavity is governed by serum-protein concentra- 
tion and splanchnic intracapillary pressure, and that factors affecting the rate 
of accumulation of ascites act through one or other of these mechanisms. 
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STUDIES OF GASTROINTESTINAL BLEEDING CAUSED 
BY CORTICOSTEROIDS, SALICYLATES, 
AND OTHER ANALGESICS? 


By J. T. SCOTT, I. H. PORTER, 8. M. LEWIS, ann A. Sr. J. DIXON 


(From the Departments of Medicine and Haematology, Postgraduate Medical 
School, Ducane Road, London) 


Tus paper describes an investigation into gastrointestinal bleeding caused by 
orally administered corticosteroids, aspirin, and other analgesics given for the 
treatment of rheumatoid arthritis and similar conditions. The method used has 
been the accurate estimation of faecal loss of blood by labelling erythrocytes 
with radioactive sodium chromate (Cr). Three types of study have suggested 
an association between aspirin and gastrointestinal haemorrhage: first, the 
observation of haemorrhagic lesions of the gastric mucosa following ingestion 
of aspirin ; secondly, the significant association of massive gastric or duodenal 
haemorrhage with a history of aspirin-taking ; and thirdly, the chemical detec- 
tion of occult blood in the stools of people taking aspirin by mouth. Douthwaite 
and Lintott (1938) showed by gastroscopy that aspirin caused localized hyper- 
aemia and erosions of the gastric mucosa, situated mainly on the lesser curva- 
ture. This was not confirmed in over 100 cases of gastroscopy by Paul (1943), 
although, as later pointed out by Douthwaite (1954), Paul directed his attention 
mainly to the greater curvature, and did not aspirate the gastric contents be- 
forehand ; nor was this phenomenon seen in the experiment on Tom carried out 
by Wolf and Wolff (1943). Douthwaite (1954) later repeated and confirmed his 
earlier results, and Muir and Cossar (1955) also confirmed these observations in 
20 gastrectomy specimens taken after pre-operative administration of aspirin. 
These authors also reported that, in a controlled study, 54 of 166 patients ad- 
mitted for gastrointestinal haemorrhage had taken salicylate compounds within 
six hours prior to the incident, and that in 21 the history indicated that aspirin 
was a major factor in precipitating haemorrhage. Waterson (1955) could in- 
criminate aspirin as a causal factor in only three of 170 cases of major gastro- 
intestinal haemorrhage. Brown and Mitchell (1956) found that 19 of 46 American 
Negroes with duodenal ulcer had taken salicylates within 24 hours of a massive 
gastrointestinal haemorrhage. Alvarez and Summerskill (1958) reported a con- 
trolled investigation in which 49 of 103 consecutive patients admitted to hospital 
with haematemesis or melaena, or both, associated with peptic ulcer, had taken 
salicylates within 24 hours of their admission, in contrast to seven of 103 in the 
control group. In five cut of 20 patients with peptic ulcer Muir and Cossar 
could aspirate blood-stained fluid from the stomach only during aspirin 
1 Received April 15, 1960 
Quarterly Journal of Medicine, New Series XXX, No. 118, April 1961. n 
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administration, and in three of the 20 patients, who had previously had no 
occult blood in the faeces, strongly positive reactions were produced by aspirin. 
Lange (1957) reported a high incidence of faecal occult bleeding in people 
taking various preparations of aspirin, and Stubbé (1958), in a carefully 
conducted trial, repeatedly showed the presence of occult blood in 70 per cent. 
of 180 people in relation to aspirin administration. Alvarez and Summerskill 
(1958) found occult blood in the stools during salicylate consumption in 50 per 
cent. of patients with peptic ulcer or dyspepsia, and of control subjects. 

As aspirin is one of the most useful drugs available for the treatment of 
rheumatic conditions, these reports were clearly of considerable interest, al- 
though they conflicted with our clinical impression that severe gastrointestinal 
bleeding was not noticeably a problem in patients taking large doses of aspirin 
over a long period. Phenylbutazone and corticosteroids are other drugs widely 
used in the treatment of rheumatic diseases. Dyspepsia and peptic ulceration 
have been noted as complicating the use of these drugs, which we have therefore 
investigated along similar lines. 

Owen, Bollman, and Grindlay (1954) showed that when erythrocytes were 
labelled with radioactive sodium chromate (Cr) and then introduced into the 
stomach or duodenum, 90 per cent. of the radioactivity could be recovered in 
the faeces ; Roche, Perez-Gimenez, Layrisse, and Di Prisco (1957) confirmed the 
fact that when chromate is ingested only a very small amount appears to be 
absorbed; conversely, after "Cr-labelled erythrocytes have been introduced 
into the circulation in normal subjects, there is a negligible amount of radio- 
activity in the faeces. Our own experience includes 30 patients studied for cell 
survival time, in whom red cells were labelled with ™Cr and faeces showed no 
radioactivity. Excretion of ™Cr is by the kidneys. A comparison, therefore, 
of faecal and blood radioactivity gives a valid method of estimating the quantity 
of blood lost by bleeding into the gastrointestinal tract. , 


Methods 


Measurement of faecal blood loss. Twenty ml. of the patient’s blood are 
labelled with approximately 120 uo of "Cr by a standard technique (Mollison 
and Veall, 1955) and reinjected. A blood sample is taken at 15 minutes, and 
thereafter weekly. The collection of faeces is started on the following day. The 
method used (Lewis and Porter, 1960) is similar to that previously described 
from this hospital (Booth and Mollin, 1956; Hughes Jones, 1958), except that 
screw-capped waxed paper cartons are used instead of tins, and the radioactivity 
is compared with that of a 3 ml. blood sample diluted with 100 ml. of water in 
a similar carton by placing between two scintillation crystals of thallium- 
activated sodium iodide, counting on a single rate meter. The same blood 
sample is used as a standard for a period of one week, since in non-haemolytic 
subjects there is comparatively little loss of radioactivity from the blood except 
that arising from isotype decay. It is unnecessary to correct for “Cr decay. 
This system has a sensitivity of 4,000 counts per minute per yo of *'Cr, and is 
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considered accurate to 1-0 ml. of blood in 100 g. of faeces up to six weeks from 
‘labelling’ in most patients. This technique has the advantage that dietary 
blood need not be taken into consideration. Two hundred and eight faecal 
collections from patients on a normal ward diet were tested by the same ob- 
server, using o-tolidine, for the presence of occult blood, and the results com- 
pared with the quantities subsequently found by radioactive measurement. 
Twenty-seven per cent. of those stools which contained 2 to 20 ml. of blood 
gave a negative chemical test on a spot sample. 


I 


Comparison of Tests for Faecal Blood 
Radioacti Chemical test 
measurement Positive Negative 
0-2 ml. 60% 40% 
2-20 ml. 73% 27%, 


Blood salicylate levels were measured by the method described by Trinder 
(1954). 


Plan of study. Every patient was investigated for approximately one month, 
which was divided into treatment periods of from five to seven days. Where 
possible an initial control period without oral drugs was used to exclude spon- 
taneous gastrointestinal haemorrhage. In many cases of active rheumatoid 
arthritis, however, a period without analgesics was undesirable. If the patient 
was not found to be losing blood on his maintainance treatment (corticosteroid, 
phenylbutazone, or salicylate), this was accepted as a negative control period: 
otherwise a period of enteric-coated sodium salicylate tablets was used, as the 
incidence of bleeding with this preparation had been low in preliminary testing. 
The drugs under study were then given in the remaining periods. All faeces 
were collected throughout the test period. Out-patients attended the hospital 
initially for labelling, and subsequently stools and the necessary blood samples 
were collected at their homes. In contrast to Stubbé (1958) we have found that 
out-patients will co-operate willingly and reliably in this type of study. 


Patients. One hundred and twenty-four subjects were chosen for study. 
Thirteen were normal volunteers, and six were specifically selected because of 
the presence of an iron-deficiency anaemia associated with positive faecal occult 
blood tests, without any demonstrable lesions in the gastrointestinal tract. The 
remaining patients had been admitted to the rheumatology or general medical 
wards, or were attending the rheumatology out-patient clinic. Oral, rectal, and 
barium-meal radiographic examinations were done on all in-patients and, when 
clinically indicated, on out-patients. The results in 28 patients have been 
rejected because they were under observation for too short a period, or because 
of prolonged constipation or repeatedly missed collections, or because they were 
found to be bleeding for a variety of reasons during the control period. 
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Particulars of the remaining 68 in-patients and 28 out-patients are given in 
Table II. Results with normal subjects and with patients have not been found 
to differ, and are therefore not reported separately. 


II 
Patients Studied 
Age 
Number (years) 


Patients with definite and probable rheuma- 

toid arthritis (American Rheumatism 

Association criteria; Ropes, Bennett, 

Cobb, Jacox, and Jessar, 1957) . é 61 12-78 18 
Patients with miscellaneous diagnoses. 22 22-76 12 10 
Normal volunteers 13 20-55 5 8 


Drugs tested. Salicylate preparations were given in the doses commonly used 
for rheumatoid arthritis, 2 to 6 g. daily. Prednisolone dosage was 5 to 20 mg. 
daily, its equivalent being used in the case of other corticosteroids, and that of 
phenylbutazone 200 to 400 mg. daily, except where otherwise indicated on the 
charts or in the text. The drugs were given to most patients about one hour 
before meals: 6 a.m., 11 a.m., 5 p.m., and 10 p.m. Eight patients were given 
trials of the same tablet before and after meals for comparison. Salicylates used 
in the study included standard B.P. 325 mg. (5 gr.) tablets of acetylsalicylic acid 
(aspirin), and B.P. soluble aspirin tablets containing acetylsalicylic acid 325 mg. 
(5 gr.), citric acid 32 mg. (4 gr.), calcium carbonate 100 mg. (14 gr.), and 
saccharin sodium 3 mg. (g gr.). The tablets were swallowed whole with water, 
except in the case of the soluble aspirin tablets, which were dissolved in water 
to form calcium aspirin solution (which is reconverted to crystalline aspirin, 
with a solubility of 1 in 300, in an acid medium such as is contained in the 
stomach). Various proprietary preparations of aspirin, including aspirin and 
codeine mixtures, aspirin in effervescent base, and enteric-coated aspirin, were 
also studied. Sodium salicylate was given in tablet and liquid form, the latter 
as Mist. sod. salicyl. fort. (B.N.F.) which contains sodium salicylate 1-3 g. 
(20 gr.) and sodium metabisulphite 16 mg. {} gr.) in 15 ml. (} fl. oz.) of the 
mixture. Enteric-coated tablets of aspirin and sodium salicylate (‘Enseal’, 
Lilly) are covered by a coating of wax containing a vegetable fibre which swells 
on contact with moisture, breaking the coating. It disintegrates in four to 
seven hours. In addition to oral corticosteroids, hydrocortisone solution (100 mg. 
in 20 ml. of 50 per cent. ethyl alcohol, diluted with water) was given by mouth, 
to compare any effect that might be seen with that following oral tablets of 
prednisolone or cortisone. 

Interpretation. For every patient the volume of blood found in daily collec- 
tions of faeces was charted in columns against the day of study, as illustrated 
in Fig. 1. When a stool was found to contain less than 1-0 ml. of blood a con- 
ventional 0-5 ml. column is indicated on the chart. Constipation is indicated 
by the presence of the base line alone, and a missed collection by an interruption 


1 This preparation has now been superseded. 
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of the base line. Each day’s collection refers to a previous day’s treatment. 
This ‘lag’ effect is usually 24 hours, but in some patients with slow alimentary 
passage it may be more pronounced. Bleeding was considered to be associated 
with a drug either when there was an average daily blood loss of more than 


Taste III 
Incidence and Amount of Bleeding 


Control period (no drugs) 
Aspirin. ° 

Soluble aspirin 34 

Effervescent aspirin ii 

Coated aspirin . . - 2 

Sodium salicylate tablets 20 y 15 (75%) 
Coated sodium salicylate 35 31 (88%) 
Mist. sod. salicyl. fort. . 14 10(71%) 4(29%) 


Se 


Average daily 
loss in all 
bleedera (ml.) 


2 ml. during the treatment period, or when a single stool collection contained 
more than 5 ml. on any one day. The results in Tables III, VI, and VII are 
expressed in patient-trials, thatis, in the number of patientsin whom a drug was 
tested. If a drug was tested more than once in the same patient, the result was 
counted as only one patient-trial. In the 96 patients under review there was a 
total of 326 patient-trials, of which 40 were control periods with no oral treat- 
ment, and 286 were periods of drug treatment. 


Results 


Salicylates. Table III shows the incidence of gastrointestinal bleeding found 
with aspirin and other salicylate preparations tested, together with the average 
daily loss in patients who were bleeding, the maximum average daily loss in a 
patient-trial, and the maximum loss in any 24-hour period. It will be seen that 
in 74 patient-trials 52 patients (70 per cent.) bled when taking aspirin. The 
average daily loss in all bleeders was 4-9 ml. The highest average daily loss was 
18 ml. In one patient on one day a loss of 106 ml. of blood was found. In most 
cases, however, the daily loss of blood associated with aspirin was only a few 
millilitres. Soluble aspirin and aspirin in an effervescent base had similar effects, 
but the incidence of bleeding was lower with enteric-coated aspirin (nine out 
of 28 patients (32 per cent.)). 

Sodium salicylate in tablet form caused bleeding in five out of 20 patients 
(25 per cent.), and enteric-coated sodium salicylate had the lowest incidence of 
haemorrhage of any salicylate preparation tested (four out of 35 patients 
(12 per cent.)). Enteric-coated tablets might have passed through the alimen- 
tary tract unchanged, the contained salicylate not being absorbed. The clinical 
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M.G. Rheumatoid Arthritis 


Soluble Asp. | Mist Sod. Sal. | Soluble Aspirin | Coated Sod. So/. 
3:25 g. before, Fort. 42 mi. J-25 g. efter 9. before 
meo/ls mea/s meals 


O 


Average daily foecal blood 


Daily foece! blood 


N 
wn 


> 
O 


20 

B15 


SOAS 


20 


Days 


Fic. 3. In this patient soluble aspirin taken before meals produced 
greater blood loss than when taken after meals. 


IV 


Average daily loss of blood (ml.) 
after aspirin 


whore 


174 
35 
= 
number On empty stomach On full 
23-3 2-4 
7:5 1-4 
— 6-7 2-0 
3-2 2-3 
8-0 8-0 
— 12-0 14-0 
5-0 11-5 
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effect of the coated tablets, however, was not less than that of the uncoated, 
and serum salicylate levels were satisfactorily elevated by both preparations, 
as shown by the case illustrated in Fig. 2. In this case aspirin was the only drug 
tested which caused bleeding: enteric-coated sodium salicylate did not do so, 


R. B. Normal Subject 


Effervescent | Aspirin 3g. No | Aspirin 3g. 


espirin 2g. | Before meals \drugs | After meals 


eee 


N 
fe) 


oO 


Faecal blood loss (mi./day) 


uw 


though the serum salicylate level was as high as with aspirin and tinnitus was 
produced. 

The Mist. sod. salicyl. fort. (B.N.F.) produced a higher incidence of bleeding— 
10 out of 14 patients (71 per cent.)—than sodium salicylate tablets. No explana- 
tion of this difference is apparent, but the significance of the observation is 
questionable in the relatively small numbers involved in this comparison. 
(The more commonly used Mist. sod. salicyl. (B.N.F.) has not been tested in 
the present study.) 


3 
Average daily foeca! bbod fess 99 79 
| 
Z caity toeca! bbod loss 
4 
25 
EA: 
OE 
7 14 21 24 
Days 
Fig. 4. Aspirin causing greater blood loss when taken after meals. | 
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The effect of varying doses of aspirin on the same patient has not yet been 
examined, but an analysis of aspirin dosages in the 74 patients tested showed no 
trend for the incidence of bleeding or average loss of blood to increase with 
variations of dose in the range used (2 to 6 g.). Some patients taking salicylates 
complained of dyspepsia, but there did not appear to be any relation between 
dyspepsia and the occurrence or severity of bleeding. In several patients 
dyspepsia occurred only during the first two days of taking aspirin, and bleeding 
was not detected until the fourth day and continued for many days after ; in 
others epigastric pain was continuous throughout. In one patient who had two 
trial periods of aspirin, and was shown to bleed during both periods, epigastric 
discomfort was noticed only during the first. A few patients complained of 
dyspepsia but did not bleed at all, while some of those who bled most were 
asymptomatic. 

In eight subjects aspirin or soluble aspirin was given first on an empty 
stomach, and later on a full stomach (Table IV). In Cases 1 (Fig. 3) to 3 bleeding 
was heavier when the drug was taken on an empty stomach; in Cases 4 to 6 
there was little or no difference ; and in Cases 7 and 8 (Fig. 4) loss of blood was 
heavier on administration after meals. 

Anaemia and salicylates. Four women with ‘definite’ (American Rheumatism 
Association criteria; Ropes, Bennett, Cobb, Jacox, and Jessar, 1957) but rela- 
tively inactive rheumatoid arthritis, and two patients, one male and one female, 
who were referred to the Haematology Department, were investigated with Cr 
specifically because of an anaemia associated with positive tests for faecal occult 
blood. No local cause for the bleeding had been found, but all the patients gave 
a history of prolonged salicylate therapy (Table V, Cases I to VI). They all had 
evidence of iron deficiency, and all were shown to lose blood from the alimentary 
tract while receiving salicylates. The anaemia in every case responded to stop- 
ping salicylate and giving oral iron. In contrast, one patient (Case VII) was 
admitted with severe rheumatoid arthritis associated with lymphadenopathy, 
splenomegaly, and an erythrocyte sedimentation rate (Westergren) of 112 mm. 
per hour. Tests for L.E. cells were negative, and the red-cell survival time was 
normal. The haemoglobin was 8-2 g. per 100 ml., the serum iron level was low 
(16 wg. per 100 ml.), and unsaturated iron-binding capacity high (252 yg. per 
100 ml.), but the bone marrow had normal iron stores. There was no demon- 
strable lesion in the gastrointestinal tract. The patient was investigated on two 
occasions for gastrointestinal blood loss in relation to salicylate therapy, and 
on both occasions she lost less than an average of 1-5 ml. daily, which according 
to our criteria is regarded as ‘no bleeding’. It seems reasonable to suppose that 
in the first six cases loss of blood related to salicylate therapy contributed to the 
anaemia, whereas in the last case the iron-deficiency anaemia was not due to 
alimentary loss of blood. 

Corticosteroids. Forty-four patient-trials were conducted with various oral 
corticosteroids (Table VI). Bleeding was detected in only three patient-trials, 
representing two patients. One (Fig. 5) was a man of 45 with rheumatic fever 
and overwhelming carditis, who was given large doses of corticosteroids. Small 
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of treatment with aspirin, and it is possible that the bleeding associated with 
cortisone was an unusually prolonged effect of the aspirin. Eighteen patient- 
trials were conducted with a combination of concurrent aspirin and cortico- 
steroid (Table VIT), but the results, as regards the incidence of bleeding or the 
average daily loss of blood, did not differ from those found with aspirin alone. 
Of the patients who received the combination of drugs, 10 had been having 
long-term steroid therapy, and the others were put on steroids at the time of 
the study. No difference could be seen between these two groups. Examples 
of patients who bled when treated with aspirin and corticosteroids, but not with 
orticosteroids alone, are shown in Figs. 2, 6, and 7. 

Phenylbutazone was studied in 22 patient-trials (Table VI). In 20 patients 

there was no bleeding (Figs. 8 and 9), but in two cases bleeding was detected. 


quantites of blood were detected in the faeces a few days before death, and 
ye post mortem a recent gastric ulcer was demonstrated. The second patient showed 
a little loss of blood when taking cortisone, but the preceding period was one 
TaBLe V 
Patients Referred on account of Anaemia 
Mean 
: corpuscular 
; Haemoglobin haemoglobin Average daily Duration 
Case before and concentration blood loss of 
; num- Age aftertreatment before and during period salicylates 
ber Diagnosis (years) (g. 100 ml.) after treatment of study (ml.) (years) 
: I. Rheumatoid 73 43 ©6107 21 30 7 6 Hyper- 
arthritis, tamine- 
anaemia normal 
weeks 
II. Rheumatoid 653 56 141 23 33 2-5 2 a 
arthritis, 
anaemia 
muscular iron 
III. Rheumatoid 62 78 114 265 S81 4 4 Bone 
arthritis, stores ; 
9 
2-75 g. 
IV. Osteo- 40 101 134 28 31 10 >10 Repeatedly investigated for 
arthritis, ‘hypochromic anaemia of 
oa anaemia obscure origin’, which finally 
responded to oral iron and 
stopping salicylates 
V. Rheumatoid 21 1003 141 29 33 27 1 Histamine-fast achlorhydria ; 
arthritis, good response to oral iron 
anaemia treatment 
; VI. Chronic 53 8-2 13-3 5 >10 4 ‘aspirins’ every day ‘to : 
bronchitis, keep him well’. Haemate- 
anaemia mesis. Barium meal normal. 
: Good response to intraven- 
ous iron 
VII. Rheumatoid 58 82 106 27-5 20 CO <156 2 Lymphadenopathy and 
arthritis, <15 splenomegaly. Erythrocyte 
3 anaemia sedimentation rate 112 mm./ ; 
aa hr. No L.E. cells. Normal 
; red-cell survival. Serum iron 
16 yg./100 ml. High iron- 
binding capacity. Bone mar- 
row: iron stores present. 
: Poor response to iron therapy 
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In one (Fig. 10) this association appeared to be unequivocal: the drug was given 
immediately after a control period during which no blood was detected, and in 
the trial period the average daily loss was 2-3 ml., with a maximum loss of 7 ml. 
on one day. In the other case (Fig. 11) it was more doubtful, as the trial period 
of phenylbutazone followed a period of soluble aspirin, during which there was 
an average daily loss of 7-3 ml., and again the possibility of unusually prolonged 
bleeding following the aspirin cannot be excluded. 

CC. Rheumatic Carditis 


Post mortem: Acute gastric ulcer 


Cooted Sod. Sol. | Predhisolone| iv Hytfro- 
5-25 g. 20~-40mg) cortisone 
JOO mg. 


Faecal blood loss (mi. /day) 


Days 


Fie. 5. Bleeding developing during heavy doses of oral and parenteral 
corticosteroids. Acute gastric ulcer at autopsy. 


Drug 
Prednisolone 
Cortisone 
Triamcinolone 
Dexamethasone . 
Oral hydrocortisone 
Phenylbutazone . 
Chloroquin . 


Patient- 
trials 
Aspirin alone . : 57 40 (70%) 17 (30%) 
Aspirin and corticosteroid . 18 13 (72%) 5 (28%) 


The total patient-trials in this Table (75) amount to one more than the number shown in Table III, 


because one patient (Fig. 2) received — with and without steroids: this is counted as two patient-trials 
in this Table, but only one in Table I 


Other drugs. Chloroquin was tested in four patients ; and an opportunity was 
also taken to test isonicotinic acid hydrazide and sodium p-aminosalicylate in 
three patients (not included in the above figures and tabulations) ; in none of 
these was bleeding detected. 


4 
Prednisolone | Dexamethosa 
1 
ZZ 
“a O 14 19 25 32 
2 
TaBie VI 
Bleeding 
Patient- associated 
trials with drug No bleeding 
22 1 21 
7 1 6 
1 0 7 
6 0 6 
2 20 
Taste VII 
Bleeding Average daily loss ina Maximum loss 
ee. 5 loss in all patient-trial in 24 hours 
bleeders (ml.) (ml.) (ml.) 
4:8 18 106 
49 1 53 
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42 mi. 


After meais 


Soluble Aspirin 3g. 


22 


14 
Fia. 8. Aspirin bleeding. Phenylbutazone caused no loss of blood. 
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Soluble Aspirin 3g. 
Before meals 


49. 


ing. Phenylbutazone caused no loss of blood. 
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W. B. Rheumatoid Arthritis 


No drugs Pheny/lbutozone | Aspirin 5-25 9. Soluble 
300 mg. AspirinS-257 


12 19 


5 


fe 


loss Cm 


uw 


Faecal blood 


25 
Days 


Fie. 10. The only case in which unequivocal bleeding com- 
menced during phenylbutazone treatment. 


G.R. Rheumatoid Arthritis 


Predniso- : 
fone 10mg. Triemcinolone 8 mg. 


Soluble Aspirin 
39. 300mg. 


—_ 
O 


Faecal blood loss (mi/day > 


5 11 3 
Days 


Fig. 11. Bleeding during the phenylbutazone period may have been related to 
ing soluble aspirin. 
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Our results confirm the fact that oral salicylate therapy usually causes 
intestinal loss of blood, but show that in most instances the loss is small. That 
ingestion of salicylates can produce anaemia is shown by Cases I to VI (Table V), 
as well as by the two similar patients of Summerskill and Alvarez (1958). 
Hagberg, Wallenius, and Wranne (1958) showed that a loss of more than 
1,460 ml. of blood in one year produced a fall in the serum-iron level and an 
increased total iron-binding capacity. The application of this work, which 
relates to repeated venesection in healthy male blood donors, to a small con- 
tinuous loss in patients taking salicylates may not be completely valid, but 
implies that a daily loss of more than 4 ml. for a year will lead to a depletion 
of iron stores. Thus it seems likely that blood loss of this order will eventually 
lead to anaemia. This effect would clearly be of greater significance in growing 
children, in patients on a poor diet, and in menstruating women. The evidence 
of the present study indicates that blood loss from salicylates is not usually 
much above 4 ml. a day, which accounts for the fact that, in our experience of 
many hundreds of patients treated with aspirin over long periods, serious iron- 
deficiency anaemia is uncommon. Minor iron-deficiency anaemia, on the other 
hand, with haemoglobin of the order of 10 g. per 100 ml. and mean corpuscular 
haemoglobin concentration below 30 per cent., is common, and usually responds 
readily if incompletely to parenteral iron therapy (Richmond, Roy, Gardner, 
Alexander, and Duthie, 1958). We do not hesitate to prescribe these valuable 
drugs, but we feel that their long-term use should be accompanied by periodic 
haemoglobin estimations, and where necessary by iron supplements. 

The technique of labelling circulating erythrocytes with Cr, and monitoring 
stools for radioactivity, has proved very valuable in the elucidation of occasional 
cases of severe iron-deficiency anaemia in patients taking salicylates, and when 
available is a convenient and practical investigation. 

All types of salicylate tested caused some bleeding, but the incidence with 
tablets of aspirin (70 per cent.), soluble aspirin (65 per cent.), and effervescent 
aspirin (55 per cent.), was higher than with tablets of sodium salicylate (25 per 
cent.), though the incidence with mist. sod. salicyl. fort. was found to be as 
high (71 per cent.) as with aspirin. Incidence of bleeding was reduced with the 
corresponding enteric-coated tablets (aspirin 32 per cent., sodium salicylate 
12 per cent.). Enteric-coated tablets are clinically satisfactory, and the only 
objection to their routine use is their high cost. In a patient who is known to 
bleed severely on aspirin, however, a trial of enteric-coated aspirin or sodium 
salicylate is certainly justified, and these preparations are also probably safer 
in patients with peptic ulceration. Dyspepsia is not clearly related to bleeding, 
and its presence is no indication of haemorrhage. Similiarly, bleeding may occur 
in its absence. To reduce the haemorrhagic action of salicylates it has been 
suggested that tablets should be taken after meals. Experience with eight 
subjects shows that there is usually no advantage in taking tablets at this time, 
and, although further work is necessary on this aspect of the problem, it is 
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already evident that taking tablets on a full stomach is by no means certain 
to reduce bleeding. 


The present investigation gives no indication of the site of bleeding, but it 
may be an erosive gastritis, as observed by Douthwaite and Lintott (1938) at 
gastroscopy, and by Muir and Cossar (1955) in gastrectomy specimens after 


Salicylic acid 
mg / mi 


20 40 80 
Minutes 


Fic. 12. Rate of hydrolysis of agpirin to salicylic acid in 0-1 
hydrochloric acid, normal gastric juice, and water. 


pre-operative administration of aspirin. The fact that bleeding sometimes 
follows the ingestion of enteric-coated preparations of salicylates may be due 
to dissolution of the coating in the stomach, or to erosions of the mucous 
membrane of the intestine. The gastritis is probably caused by the direct local 
action of salicylates. Aspirin is poorly soluble in water (about 1 in 300), but in 
the presence of water it is hydrolysed into acetic and salicylic acids, the latter 
a powerful irritant. Fig. 12, however, shows that the rate of hydrolysis of aspirin 
by normal resting gastric juice is very low. The conditions in the experiment 
simulated those obtained when 1-0 g. of aspirin is swallowed on an empty 
stomach containing about 100 ml. of resting juice. Even assuming no absorp- 
tion or neutralization, only 2-2 per cent. of salicylic acid would be produced in 
160 minutes, compared to about 30 per cent. of aspirin directly dissolved under 
these conditions. It seems unlikely, therefore, that the erosive effects are solely 
attributable to the salicylic acid liberated. Another possible mechanism for the 
haemorrhagic action of salicylates is the hypoprothrombinaemia which follows 
large doses (Shapiro, Redish, and Campbell, 1943), and a therapeutic dose has 
been reported to cause bleeding by this mechanism (Smith and Mackinnon, 
1951). Muir and Cossar (1955), Alvarez and Summerskill (1958), and Stubbé 
(1958), however, were unable to find any disturbance of the coagulation mechan- 
ism in patients who bled on receiving salicylates, nor have we observed pro- 
longed prothrombin times in patients on salicylate therapy, so that this is 
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unlikely to be a significant factor. The fact that intravenously given salicylates 
may produce nausea and vomiting (Caravati and Cosgrove, 1946) raises the 
possibility that bleeding arises from gastrointestinal effects of absorbed sali- 
cylates. This hypothesis, which lacks any other supporting evidence, could not 
explain the greater tendency for aspirin than for enteric-coated salicylate to 
cause bleeding, at the same serum salicylate levels (Fig. 2). 

Clinical reports of phenylbutazone all mention gastrointestinal side effects, 
the incidence ranging from 5 per cent. (Robins, Lockie, Norcross, Latina, and 
Riordan, 1957) to 25 per cent. (Kuzell, Schaffarzick, Naugler, and Champlin, 
1957) of cases treated. The commonest symptoms are epigastric pain, nausea, 
and vomiting. Peptic ulceration is a less common complication, occasionally 
with haematemesis or perforation. Of the 22 patients who received phenyl- 
butazone and were tested for gastrointestinal haemorrhage in the present in- 
vestigation, only two were found to be bleeding, and in one of these there was 
the possibility of prolonged bleeding following previous aspirin. None of these 
22 patients had dyspepsia. The dosage of phenylbutazone was 200 to 400 mg. 
daily, which we usually find to be effective, but is lower than that used by many 
of those who have reported gastrointestinal complications. 

During the 10 years of corticosteroid therapy peptic ulceration, sometimes 
with haemorrhage or perforation, has come to be recognized as one of its most 
formidable side-effects. In a recent (unpublished) review of 78 adult patients 
with rheumatoid arthritis treated at Hammersmith Hospital with oral steroids, 
dyspepsia has been noted (without radiological evidence of ulceration) in nine, 
and an uncomplicated peptic ulcer has been demonstrated in a further nine, 
one of whom had an ulcer before corticosteroid therapy, by which it was 
exacerbated. In addition to these, three further patients have had a perforated 
peptic ulcer, one haemorrhage from an ulcer, and one both haemorrhage and 
perforation. This is in accordance with general experience. Savage (1959) 
analysed 910 cases of adults with rheumatoid arthritis treated with cortico- 
steroids at various centres (including Hammersmith Hospital), and found that 
7 per cent. had peptic ulceration and a further 5 per cent. suffered haemorrhage 
or perforation of an ulcer. These findings were consistent from centre to centre. 
Although the series is uncontrolled, the figures are so striking as to leave little 
doubt that serious peptic ulceration is a specific complication of corticosteroid 
therapy in rheumatoid arthritis. Other estimates of the incidence of peptic 
ulcer in patients with rheumatoid arthritis treated with corticosteroids range 
from 5-3 per cent. (Henderson, 1955) to 31 per cent. (Kammerer, Freiberger, and 
Rivelis, 1958). This complication of corticosteroid therapy occurs also when the 
hormones are used in the treatment of diseases other than rheumatoid arthritis, 
but the problem does not appear to be of the same magnitude. In the treatment 
of ulcerative colitis, for example, Truelove and Witts (1959) gave corticotrophin 
or cortisone to 169 patients, and found that formation or activation of a peptic 
ulcer occurred in only two, both of whom were receiving corticotrophin. One 
of these patients died after haematemesis from a duodenal ulcer, the other from 
a perforated gastric ulcer. Cronin and Wells (1958) reviewed the complications 
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of systemic steroid therapy in 199 patients treated for diseases of the skin, and 
found only three cases with possible gastrointestinal complications: one with 
silent duodenal perforation secondary to pancreatic carcinoma, one with haemor- 
rhagic gastritis, and a third with reactivation of a duodenal ulcer. It would 
be wrong to conclude from such widely diverse work, with variable factors such 
as differences in methods of study or dosage, that gastrointestinal complications 
of steroid therapy are more common in rheumatoid arthritis than in other dis- 
eases. The possibility does, however, presentitself. Ifso, it may be that patients 
with rheumatoid arthritis are especially prone to peptic ulceration. Another 
possibility is that many patients with rheumatoid arthritis treated with cortico- 
steroids are also taking salicylates (this certainly applies to the Hammersmith 
cases mentioned above), and that it is the combination of a corticosteroid effect 
with the erosive action of salicylates which leads to the high incidence of serious 
peptic ulceration. The observation in the present study, that the incidence and 
severity of gastrointestinal bleeding are no greater in patients taking a combina- 
tion of corticosteroid and aspirin than in those taking aspirin alone, does not 
support the latter hypothesis; and although long-term administration of a 
combination of oral salicylates and corticosteroids may represent a special 
hazard, this investigation has not demonstrated it. 

The mode of production of corticosteroid ulceration is unknown, and, although 
it can certainly occur during parenteral administration of corticotrophin or 
hydrocortisone, West (1959) has recently suggested that oral corticosteroids 
have a local action on the gastric mucosa similar to that discussed above with 
respect to salicylates. He claimed that the incidence of dyspepsia due to 
prednisolone is reduced when the drug is given by injection or in enteric-coated 
tablet form. If oral steroids have a local action analogous to salicylates, it is 
to be expected that they should carry a similar high incidence of minor 
gastrointestinal haemorrhage. In fact this is not the case, and in the present 
study, with the two exceptions mentioned, oral steroids have not been found to 
produce alimentary bleeding. It is suggested, therefore, that two mechanisms of 
gastrointestinal haemorrhage associated with drugs are involved. The first is a 
local erosive action, seen with salicylates, producing a frequent but usually 
minor loss of blood, though possibly sometimes precipitating a major haemor- 
rhage. The second is a ‘central’ or hormonal effect, seen with steroids, which 
does not produce frequent minor bleeding from the stomach, but which tends 
to the formation of peptic ulcers which are themselves highly vulnerable to 
the accident of haemorrhage or perforation. 


We are indebted to Dr. N. F. Coghill, of the West Middlesex Hospital, for 
referring Cases IV and VI (Table V) for study, and to the Medical Research 
Council for a grant for scientific assistance. 


Summary 
1. The technique of labelling patients’ erythrocytes with ®'Cr has been used 
to detect and measure faecal loss of blood during oral administration of cortico- 
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steroids, salicylates, and other analgesics. Ninety-six subjects have been 
studied, 61 of whom were patients with rheumatoid arthritis, 22 patients with 
other conditions, and 13 normal volunteers. 


2. Aspirin caused bleeding in 52 (70 per cent.) of 74 patients. The average 
daily loss in all those who bled was 4-9 ml., though much greater losses occurred 
in a few instances. “imilar bleeding was caused by soluble and effervescent 
preparations of aspirin. There was a lower incidence of bleeding with tablets 
of sodium salicylate, though not with Mist. sod. salicyl. fort. Enteric-coated 
tablets of aspirin and of sodium salicylate produced a lower incidence of bleeding 
than the corresponding plain tablets, with no apparent loss of therapeutic effect. 
Bleeding and dyspepsia did not appear to be related. Taking aspirin after meals 
did not necessarily diminish bleeding. 

3. In six patients iron-deficiency anaemia was considered to be mainly due 
to prolonged aspirin consumption. 

4. Oral corticosteroids, tested in 44 patient-trials, were not associated with 
gastrointestinal bleeding. There were only two exceptions to this rule: in one 
a peptic ulcer was demonstrated post mortem, and in the other a prolonged effect 
of previously administered aspirin could not be excluded. The incidence and 
degree of loss of blood when corticosteroids and aspirin were given together were 
no greater than with aspirin alone. 


5. Of 22 patient-trials with phenylbutazone, bleeding was detected in only 
two. Chloroquin produced no loss of blood in four patients. 


6. The mechanism of salicylate bleeding is discussed. The probable local 
erosive action of salicylates is contrasted with the central effect of corticosteroid 
hormones in the formation of peptic ulcers. 
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THE RESPONSE TO BRONCHODILATORS 
IN INTRINSIC ASTHMA’ 


By K. M. HUME anp E. RHYS JONES 
(From King Edward VII Sanatorium, Midhurst, Sussex) 


DvRING recent years the investigation of asthma has been assisted by the intro- 
duction of lung function tests designed to measure the maximum expiratory 
volume and flow rate. These tests, by indicating the deviation from normal 
values, serve as a measure of the degree of bronchial narrowing which is present, 
and enable the improvement resulting from bronchodilator drugs to be assessed. 
In a recent trial (Hume and Gandevia, 1957a) the day-to-day response to 1 per 
cent. inhaled isoprenaline (isopropyl-noradrenaline) was measured by these 
tests in a group of patients with intrinsic asthma, from the time they were 
admitted to hospital in status asthmaticus until full recovery had taken place. 
The object of the trial was to investigate the well-recognized clinical state in 
which a patient with intrinsic asthma ceases to respond fully to adrenaline ; in 
its extreme form this state gives rise to so-called adrenaline-fast asthma. The 
results of the trial showed that the improvement which could be obtained with 
inhalation of aerosol isoprenaline, a much more effective route of administration 
than the sublingual, varied from day today, and was related to the severity of the 
asthma. This relationship was such that when the asthma was very severe there 
was little response to the drug. As the attack became less severe the day-to-day 
effect of the isoprenaline became greater until the response was maximal. There- 
after the patients continued to show a full response until all evidence of the 
attack had disappeared. It was pointed out that if a similar relationship exists 
between the severity of the wheezing and response to other bronchodilators, 
irrespective of their route of administration, it would be unfair to compare the 
efficacy of two or more such drugs on different days, when spontaneous altera- 
tion in the severity of the asthma would place some of the drugs at a disad- 
vantage. Furthermore, the nature of the response strongly suggested that more 
than one factor was concerned in the bronchial narrowing of intrinsic asthma ; 
such factors might be muscle spasm, mucosal oedema, sputum retention with 
infection, and vascular engorgement, which have all been invoked in the past, 
The present trial was designed to investigate these twe points, and the drugs 
selected were aminophylline and atropine. Aminophylline is thought to exert its 
bronchodilator effect by direct action on the muscle fibre, whereas atropine 
blocks the parasympathetic nervous system which is the motor constrictor 
supply to the bronchial musculature. It was hoped that the response to two 
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drugs, differing in their site of action, might throw more light on the nature of 
the factors concerned in the bronchial narrowing of intrinsic asthma. To further 
this purpose isoprenaline, which is a sympathomimetic drug, was again included 
in the present trial. Finally, in view of the limited response to isoprenaline in 
severe intrinsic asthma, demonstrated in the earlier trial, the scope of the 
present investigation was widened by measuring the effect of the three drugs 
given in combination, in order to ascertain how the greatest relief could be 
obtained with them when the wheezing was very severe. 

Pilot trials were carried out to discover how much of each drug is necessary to 
produce the maximum effect, and the time which this effect takes to develop. 
The results showed that 0-25 g. of aminophylline in 10 ml. of distilled water 
administered intravenously produced the maximum response in four out of the 
five patients tested. In the remaining patient only slight improvement in the 
results of the lung function tests followed a further administration ; it was there- 
fore decided to limit the dosage to 0-25 g., in order not to increase the risk of 
thrombosis at the site of injection. The injection was given slowly over the 
course of about three minutes. The maximum improvement followed the injec- 
tion in five minutes in most cases, but on occasions took up to 15 minutes. 
Atropine was given by means of a Bright inhaler. It is not possible to estimate 
how much of the drug administered in this way is retained in the lungs, as the 
mist is partly exhaled. The inhaler nebulized about 0-3 ml. of the solution in 
one minute, and increasing concentrations of atropine, up to a 4 per cent. solu- 
tion, were administered for this period. This was adequate to produce the 
maximum effect on most occasions and, as a slight increase in pulse-rate and 
dryness of the mouth occurred in some patients, it was not considered justifiable 
to use a greater strength. A 4 per cent. solution of atropine in distilled water, 


with 0-5 per cent. chlorbutol to maintain its stability, was prepared for use in 
the trial. 


Method 


Seven patients admitted to this hospital in status asthmaticus were investi- 
gated. Four showed clinical evidence of moderate emphysema, and five had 
infected sputum, a common finding in intrinsic asthma. Five were women. 
The ages of the patients ranged from 29 to 65 years. They had all received bron- 
chodilator therapy at home before admission, and were considered to be in status 
asthmaticus when they failed to show improvement in the results of lung func- 
tion tests after a further five days of intensive bronchodilator therapy with 
intravenous and suppository aminophylline, subcutaneous adrenaline, frequent 
inhalations of 1 per cent. isoprenaline, and antibiotics. The spirometer used was 
of the type described by Bernstein, D’Silva, and Mendel (1952), and the spiro- 
grams were recorded on a kymograph with a peripheral drum speed of 1-7 cm. 
per second. Each patient was instructed to inhale as deeply as possible from 
the spirometer, and then to exhale into it completely and as rapidly as possible. 
Two recordings were obtained, not three as usually practised, because it has been 
found that severe reversible bronchial narrowing is aggravated by the test, and 
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leads to an artificial increase in the severity of the asthma at the time of testing 
(Hume, 1959). The forced expiratory volume in the first second of the expiration 
(F.E.V.,.¢) was measured from each spirogram, and the smaller of the two 
results discarded. 

After the initial recordings 0-25 g. of aminophylline in 10 ml. of distilled water 
was injected slowly into a vein. As a result of the pilot trial, the estimation of 
F.E.V.,.¢ was repeated in duplicate at periods of five, 10, and 15 minutes after 
the injection, and the two lowest values discarded. After the last recording 
1 per cent. isoprenaline was administered for half a minute through a Collison 
inhaler. Further recordings were made after two and four minutes. On the 
occasions when the initial F.E.V.,.. was similar to that for which the patient’s 
response to aminophylline had already been tested, a different procedure was 
adopted. With a second inhaling apparatus a 4 per cent. solution of atropine in 
distilled water was administered for one minute. The F.E.V.,. was recorded 
after five, 10, and 15 minutes ; after the last recording isoprenaline was admini- 
stered, and the tests repeated. When an initial F.E.V.,9 value was found for 
which the responses to both aminophylline and atropine had been estimated, 
aerosol isoprenaline was administered. The results were recorded as before ; 
0-25 g. of aminophylline was then given intravenously, and the tests repeated. 
On occasions all three drugs were administered in succession. 

The trials were repeated daily. All patients were treated with prednisone 
acetate; the original dosage was 25 mg., given daily in three doses of 5 mg. 
during the day and 10 mg. before retiring at night ; when the day-to-day value 
of F.E.V.,. showed no further improvement the dosage was reduced. One 
drachm of magnesium trisilicate was given with each dose. 


Results 


The effect of the three drugs given singly and in combination was observed 
on 290 occasions. The initial values of F.E.V.,. were plotted as abscissae, and 
the increases recorded after the drugs as ordinates. Curves similar in shape to 
those described with isoprenaline in the earlier trial were obtained in the case 
of all three drugs given separately, and when the drugs were combined, and 
enough results were available, curves could be fitted to the combined re- 
sponses. 


The response to drugs given singly 
Isoprenaline. The results confirmed the findings of the earlier trial, and curves 
similar in shape to that shown in Fig. 1 could be fitted to the points plotted for 
all seven patients. In five of the patients the curves showed a greater broncho- 
dilator response, throughout the whole range of original F.E.V.,. values, than 
that obtained with aminophylline. In the other two patients the response to 
intravenous aminophylline was as great as the response to isoprenaline. 
Atropine. A curve similar in shape to that obtained with isoprenaline could 
be fitted to the results in the patient shown in Fig. 1. The response was less, 
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throughout the whole range of the original F.E.V.,», than in the case of iso- 
prenaline. When it had been shown that the relationship between the F.E.V., 
before inhalation and the improvement after atropine was similar to the corre- 
sponding relationship found with isoprenaline, the drug was not fully tested in 
the other patients because of the undesirable side-effects. It was, however, used 
in the drug combinations described below. 


1900 
900 


800 


increase In F.E.V.4.9 


° 
Initial value of F.E.V.4.9 


Fie. 1. Estimations of forced expiratory volume 
(F.E.V.,..) in a patient before and after the ad- 
ministration of aerosol 1 per cent. isoprenaline, 
aerosol 4 per cent. atropine, and 0-25 g. intravenous 
aminophylline. 
The tests, all carried out on different days, illus- 
trate how the improvement which can be obtained 
with each drug varies with the initial value of the 
forced expiratory volume. The curves drawn were 
calculated by the method of least squares. 


Aminophylline. Curves similar in shape to those already described could be 
fitted to the results in all the patients. The response was less than the response 
to isoprenaline in five of the patients, and as great in the other two. 


The response to combined drugs 

Isoprenaline followed by aminophylline. The response in all the patients was 
found to be greater than the response to isoprenaline alone (Fig. 2). When the 
order of administration was reversed the combined effect did not appear to be 
greater than when isoprenaline was administered alone (see Fig. 3), except in the 
two patients in whom the response to aminophylline had proved to be as great 
as to isoprenaline. In these two patients, in whichever order the drugs were 
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administered, the combined response was greater than when either drug was 
given alone. 

Isoprenaline followed by atropine. The response to these two drugs resembled 
that to isoprenaline and aminophylline, being greater than the response to 
isoprenaline administered alone (Fig. 2). When the order of administration was 
reversed the combined response was not greater than the response to isoprenaline 
alone (Fig. 4). 


Initial value of F.E.V.4.9 


Fic. 2. Estimations of forced expiratory volume 
in the same patient as in Fig. 1, showing the re- 
sponse to aerosol isoprenaline followed by aerosol 
atropine and intravenous aminophylline respec- 
tively. The isoprenaline response curve is trans- 
The improvement following the combined drugs is 
greater than that following the most effective drug 
given alone. 


The response to the three drugs combined 

The nature of the trial did not allow each of the six possible orders of admini- 
stration to be observed frequently over a wide range of initial F.E.V.,. values, 
as recovery had always occurred within two weeks. When the three drugs were 
tested in succession, it was interesting to find that in whatever order they were 
given a good quadratic fit could be made to the combined effect, and that the 
curve demonstrated a greater improvement than when only two drugs were 
given (Fig. 2). 

In four patients it was possible to test the response to the drugs within a few 
hours of the recurrence of severe wheezing, which followed a reduction in the 
dosage of prednisone. On every occasion the response was considerably greater 
than would have been expected from the response curve. 
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Attention has been drawn in earlier trials (Hume and Gandevia, 1957a, 6b; 
Gandevia, Hume, and Prime, 1957) to the importance of the nature of the 
response of asthma to isoprenaline, as shown by the response curves, in inter- 
preting the results of investigations using lung function tests to compare the 
effectiveness of different bronchodilators. It was pointed out that, should a 
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Fic. 3. The response to intravenous aminophylline 
followed by aerosol isoprenaline compared with the 
curves (transposed from Fig. 1) for the drugs given 
singly. 
The combined response when the drugs are given 
in this order is no greater than the response to 
isoprenaline alone. 


similar response to all bronchodilators be found, irrespective of the route of 
administration, it would be misleading to compare the response to a drug on one 
day with the response to a second drug some time later, when a spontaneous 
change in the severity of the asthma might have resulted in a change in the 
initial F.E.V.,. The results of the present trial have shown response curves of 
a similar shape for three bronchodilators with different sites of action, and for 
both intravenous and aerosol administration. It would not be practicable to 
compare a number of drugs by plotting the response curve for each one in a 
series of patients, but if the trials were carried out in the range of the right-hand 
limb of the curve, where the sum of the initial F.E.V.,. value and the degree of 
improvement remains approximately constant, it would be possible to calculate 
the whole limb from two or three estimations. If this were done for each drug 
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under ‘est, it would be possible to obtain a direct comparison of their effects at 
a selected initial F.E.V.,.. within the range. 


The nature of the local changes in the bronchi in intrinsic asthma 

It is widely accepted that more than one local factor is concerned in the 
bronchial narrowing in intrinsic asthma, and that these factors may include 
sputum retention, vascular engorgement, muscle spasm, and mucosal oedema. 


Increase in F.E.V.4-9 


Se REP EES 


Initial value of F.E.V.4-0 


Fic. 4. The response to atropine followed by iso- 
ine compared with the curve (transposed 
from Fig. 1) for each drug given singly. 

As in Fig. 3, the combined response is not greater 
than when isoprenaline is given alone. 


Sputum retention. Brodie and Dixon (1903) discussed the above factors, and 
pointed out that sputum is unlikely to be the main factor responsible, since 
asthmatic patients may have no sputum. Investigation of some of the patients 
in the present trial confirmed this view. Furthermore, if the limited a tion of 
isoprenaline during the period of severe wheezing had been due to mucus plugs 
obstructing the passage of the drug, it would have been expected that further 
administration of isoprenaline would lead to more improvement, which was not 
the case. A similar limited improvement was noted with aminophylline and, as 
it was administered intravenously, this limitation could not be accounted for by 
sputum blocking the passage of the drug. 

Vascular engorgement. This factor, leading to and aggravated by mucosal 
oedema, was suggested by Sheldon and Otis (1951). As Brodie and Dixon (1903) 
pointed out, it is unlikely to be the cause of the bronchial narrowing; for, 
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although a similar phenomenon occurs in the nasal mucous membrane, the 
bronchial mucosa is dissimilar in structure, being thin and possessing a relatively 
insignificant blood-supply. Furthermore, Brodie and Dixon pointed out that 
ether and chloroform, both of which produce hyperaemia of the bronchial 
mucosa and increased secretion, have a bronchodilator effect when reversible 
bronchial constriction is present. During the present trial the visible effect of 
amyl nitrite on the bronchial mucosa was observed bronchoscopically. This 
drug was chosen because it is a bronchodilator, and is known to cause peripheral 
vasodilation with flushing. The effect was observed in two patients in whom 
lung function tests, prior to bronchoscopy, had demonstrated reversible bron- 
chial constriction. After the bronchoscope had been placed at the level of the 
middle- and lower-lobe bronchial orifices, an ampoule of amy] nitrite was crushed 
and rapidly placed in a rubber bag, which was connected to the bronchial sucker 
tube. With the sucker tube passed down the bronchoscope it was possible to 
administer the amyl nitrite and at the same time to observe the bronchial 
mucosa. A marked reddening of the mucosa was seen, similar to the flushing 
which is seen in the skin, proving that vasodilatation occurred in the bronchi 
and that the bronchodilator effect of the drug was not due to a widening of the 
bronchial lumen resulting from contraction of the vessels in the mucosa. 

Spasm of the muscle. In attacks of asthma of short duration the response to 
bronchodilator drugs may be immediate, with complete recovery from wheezing, 
but in the more prolonged forms of wheezing met with in intrinsic asthma (the 
group from which our patients were taken), and in status asthmaticus, the 
patient becomes resistant to bronchodilator drugs, showing only a poor response. 
The previous study, in which the effect of 1 per cent. isoprenaline inhalation was 
measured with lung function tests (Hume and Gandevia, 1957a) graphically 
showed this effect. In discussing the response curve obtained, the right-hand 
limb of the curve was explained as the range of full response to the effect of the 
bronchodilator, but the left-hand limb, representing poor response to the drugs 
when the wheezing was severe, could be explained only by the operation of a 
further factor (or factors) in addition to uncomplicated bronchospasm. The 
results of the present trial show that the response curve following intravenous 
aminophylline and aerosol atropine in these cases of asthma resembles the curve 
obtained with inhaled isoprenaline. They thus confirm the fact that the nature 
of the curve is due to factors operating in the bronchi, and not to the mode of 
action of a particular drug, its dosage, or the route of administration. The rapid 
and full response to the bronchodilator when the original F.E.V.,. lies to the 
right of the peak of the curve suggests a muscle action. The rapid, but limited, 
response to the left of the peak of the curve when the asthma is severe also sug- 
gests that muscle action is involved, but neither sputum and infection nor 
vascular engorgement, as already discussed, appears to be a sufficient explana- 
tion of the additional factors present during this phase. 

Kennedy and Thursby-Pelham (1956) reported that the bronchodilator effect 
of adrenaline was greater when administered during a course of oral cortisone, 
and suggested this might be due to additive action. This possibility was 
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considered as an explanation of the shape of our response curves, but 
similar response curves have been obtained by us in patients not having corti- 
costeroids. 

It was considered that mucosal oedema or thickening of the basement mem- 
brane, as described by several authors in post-mortem reports on patients who 
have died in status asthmaticus (Huber and Koessler, 1922; Thieme and Shel- 
don, 1938; Unger, 1945; Houston, de Nevasquez, and Trounce, 1953; Oswald, 
1954; Reid, 1954), by exerting a limiting action, might be responsible for the 
poor response to bronchodilators during the period of severe asthma. The 
further immediate improvement, however, which results from the administra- 
tion of aminophylline or atropine after isoprenaline, indicates that reversible 
spasm of the bronchial muscle must still be present even when the most power- 
ful drug has exerted its full effect. It may well be that the strongly contracted 
muscle fibres develop a changed condition, possibly loss of potassium or accu- 
mulation of sodium in the cells, as a result of which they will not respond fully to 
bronchodilators. It has been shown in the present trial that this limitation of 
response takes some hours to develop after a relapse, and that between the 
relapse and the loss of bronchodilator response a greater improvement follows 
the administration of the bronchodilators than would have been expected from 
the predetermined response curve (p. 193). This would be in keeping with a 
change in the muscle fibre of the nature suggested. Hebb and Nimmo-Smith 
(1946) found that the bronchodilator effect of adrenaline changed, and could 
even be reversed, in isolated bronchial muscle with changing potassium concen- 
trations. Furthermore, it has been shown that after the liberation of acetyl- 
choline at a nerve ending a wave of depolarization is propagated along the 
muscle fibre, which leads to muscle contraction (Ling and Gerard, 1949 ; Nastuk 
and Hodgkin, 1950) ; and Fatt (1954) demonstrated that depolarization appears 
to be due to sodium ions entering the cell, and repolarization to potassium ions 
leaving it. Grob, Liljestrand, and Johns (1957) showed that after tetanic con- 
traction there was an increase in muscle contractility and sensitivity to acetyl- 
choline. The diminished response to bronchodilators when asthma is severe has 
been shown in the present trial to take some hours to develop, which is what 
would be expected if it was due to a biochemical change. The possibility of an 
ionic change within the muscle cells would suggest an explanation for the mode 
of action of the corticosteroids in relieving status asthmaticus. These drugs are 
not bronchodilators, as no improvement can be measured in the F.E.V.,. after 
their administration even when the tests are repeated several hours later. They 
are known to affect the balance of sodium and potassium in the body, and it is 
possible that the improvement in severe asthma which results from their regular 
administration is due to such a change. 

The antispasmodic treatment of asthma is effected by two main groups of 
drugs, the bronchodilators and the corticosteroids. The former group is the one 
of choice, as it carries with it less danger of serious side effects. Corticosteroid 
therapy constitutes a great advance in the treatment of severe forms of the 
disease which will not respond to bronchodilators. From the results of the 
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present trial certain observations may be made concerning these two forms of 
treatment. When an adult patient with severe asthma is admitted to this hos- 
pital it is the practice to commence with a thorough régime of bronchodilator 
therapy, which may include inhalations of 1 per cent. isoprenaline (from a 
Collison inhaler), injections of adrenaline, choline theophyllinate or ‘asmapax’ 
(ephedrine, theophylline, and bromvaletone) by mouth, and intravenous or 
rectal aminophylline. The vital capacity and F.E.V.,. are estimated daily 
and, if there is no improvement in the results of these tests after five days, or if 
the patient’s life is thought to be in danger before this time, corticosteroid 
therapy is instituted. Regarding bronchodilator treatment, the trial has demon- 
strated that relatively small doses of isoprenaline and aminophylline produce 
the maximum response, and that a higher dosage is of no advantage. Unfor- 
tunately, when the asthma is very severe, a poor response occurs ; but, as demon- 
strated by the patient in Fig. 2, the trial has indicated that a combination of 
drugs of different bronchodilator groups is more effective than when only one is 
given. The order of administration of the drugs is of importance ; thus the trial 
showed that the improvement resulting in every patient from the most effective 
drug, isoprenaline, was enhanced when it was followed by aminophylline or 
atropine. In five of the patients, when the drugs were administered in the 
reverse order, there was no greater improvement than when inhaled isoprenaline 
was given by itself. The method of administering isoprenaline by inhalation is 
stressed, as the sublingual route which is commonly used in treatment has not 
been found to be very effective. 

If after five days of bronchodilator therapy the lung function tests show no 
improvement, and the F.E.V.,. is still in the range of about 450 to 800 ml., 
prednisone is started in a dosage of 30 mg. or 35 mg. daily, depending on the 
weight of the patient. Daily lung function tests, carried out before and after 
inhaled isoprenaline, are used to determine when the patient reaches the point 
of maximum response (the peak of the response curve in Fig. 1), and at this stage, 
as the present trial has shown, bronchodilators can be used with maximum 
effect, while the prednisone is gradually withdrawn. Thereafter the F.E.V., 
is estimated daily until it has been ascertained whether prednisone can be com- 
pletely withdrawn without a return of the asthma, or whether a maintenance 
dosage will be necessary. Finally, in the event of a relapse, the trial has shown 
the importance of instituting further treatment at the earliest possible time, 
because, when the F.E.V.,. falls below a certain value, the limited response 
to bronchodilator therapy becomes apparent after a period of only about 
36 hours (p. 193; Hume and Rhys Jones, 1960). 


We wish to thank Sir Geoffrey Todd for his advice in the preparation of 
this paper, and Boots Pure Drug Co., Ltd. for supplies of intravenous amino- 
phylline and aerosol atropine. 


| 
i 
i 
i 3 
~ 
| 
| 


BRCNCHODILATORS IN INTRINSIC ASTHMA 199 


Summary 


The bronchodilator effect of three drugs, aerosol isoprenaline, aerosol atropine, 
and intravenous aminophylline, given singly and in combination, has been 
measured by the forced expiratory volume test. 

The tests, performed daily on patients with intrinsic asthma from the time of 
their admission to hospital in status asthmaticus, demonstrated an interesting 
relationship between the severity of the asthma and the degree of response to 
the bronchodilators. The results of the trial suggest that the so-called adrena- 
line-fast state is caused by a biochemical change in the bronchial muscle fibres 
resulting from prolonged contraction. 

The application of the findings of the trial to the clinical management of 
patients with asthma is discussed. 


Bernstein, L., D’Silva, J. L., and Mendel, D. (1952) Thorax, 7, 255. 
Brodie, T. G., and Dixon, W. E. (1903) Trans. path. Soc. Lond, 54, 17. 
Fatt, P. (1954) Physiol. Rev. 34, 674. 
Gandevia, B., Hume, K. M., and Prime, F. J. (1957) Lancet, 1, 956. 
Grob, D., Liljestrand, A., and Johns, J. (1957) Amer. J. Med. 23, 340. 
Hebb, C., and Nimmo-Smith, R. H. (1946) J. Physiol. (Lond.) 105, 1. 
Houston, J. C., de Nevasquez, 8., and Trounce, J. R. (1953) Thorax, 8, 207. 
Huber, H. L., and Koessler, K. K. (1922) Arch. intern. Med. 30, 689. 
Hume, K. M. (1959) Bronchial Asthma. Chest and Heart Assoc. p. 35. 
—— and Gandevia, B. (1957a) Thorax, 12, 276. 

(19576) Tubercle (Lond.) 3, 157. 
—— and Rhys Jones, E. (1960) Lancet, 2, 1319. 
Kennedy, M. C. 8., and Thursby-Pelham, D. C. (1956) Brit. med. J. 1, 1511. 
Ling, G., and Gerard, R. W. (1949) J. cell. comp. Physiol. 34, 383. 
Nastuk, W. L., and Hodgkin, A. L. (1950) Ibid. 35, 39. 
Oswald, N. C. (1954) Lancet, 1, 271. 
Reid, L. McA. (1954) Ibid. 1, 275. 
Sheldon, M. B., and Otis, A. B. (1951) J. appl. Physiol. 3, 513. 
Thieme, E. T., and Sheldon, J. M. (1938) J. Allergy, 9, 246. 
Unger, L. (1945) Sth. med. J. (Bgham, Ala.) 38, 513. 


a 


: 
: 
: 
— 
“3 
3 
4 
2 
a8 
= 
= 
| 
. 
_ 
: 
« 
: 


616.5—007.21-056.7 


THE GENETICS OF PSEUDOXANTHOMA ELASTICUM" 
By G. M. BERLYNE, M. G. BULMER, anp R. PLATT 


(From the departments of Medicine and of Social and Preventive Medicine, 
Manchester University) 


With Plate 22 


PsEUDOXANTHOMA elasticum is a hereditary disorder characterized histo- 
logically by degeneration and fragmentation of elastic tissue. As a result of this 
the skin, particularly in the neck, axillae, and groins, becomes flaccid, wrinkled 
into folds, and rather loose; when stretched it shows yellowish marks from 
which the name pseudoxanthoma is derived. The condition is not related to any 
form of xanthomatosis. Degeneration of elastic tissue in the choroid gives rise 
to the so-called angioid streaks which can be seen in the fundus oculi. These are 
brown, reddish, or grey, and often radiate from near the disk towards the peri- 
phery. They are considered to be ruptures in the elastic membrane of Bruch. 
The ocular changes may cause serious deterioration in vision, often developing 
in middle life. Changes in blood-vessels may give rise to intermittent claudica- 
tion, to pulseless extremities and, if visceral vessels are involved, to haemate- 
mesis. Patients therefore come to the notice of doctors for various reasons. The 
majority are probably seen by dermatologists or ophthalmologists. 
Patients and Families Examined 
Family S. Our interest in pseudoxanthoma elasticum was first stimulated by 
the case recently reported by Berlyne (1960). The patient was a woman of 22, 
who was brought to hospital on account of haematemesis and was found to have 
the typical skin lesions and angioid streaks in the retina (Plate 22, Fig. 6). A 
younger sister also showed the skin and the retinal manifestations, but a brother 
of 18 was normal. The parents also were normal. Re-examination of this family 
after having studied two other families (‘H’ and “W’) showed that the father and 
brother (but not the mother) of the affected ‘S’ sisters showed abnormal visi- 
bility of choroidal vessels (Plate 22, Fig. 7). The family is depicted in Fig. 1, 
but will not be further described, as details have already been published. 


Family H. The propositus of the second family (H) was a 38-year-old male 
plastics worker, E. H., referred to Professor D. A. K. Black from the Royal Eye 
Hospital, Manchester, where angioid streaks had been found. His complaint 
was of recent deterioration of the vision of his left eye. He had no symptoms of 


1 Received February 8, 1960. 
Quarterly Journal of Medicine, New Series XXX, No. 118, April 1961. 
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angina of effort or intermittent claudication. At the age of 17 he had suffered 
from ‘anaemia’ and had been an in-patient in a hospital, where he remained for 
five or six weeks, and was discharged on a diet. He could not remember any 
episode of haematemesis or melaena. He had not noticed any abnormalities of 
the skin in himself or in any member of his family. On examination it was found 
that the skin manifestations of pseudoxanthoma elasticum were most marked on 
the neck, which had a texture rather like that of coarse-grained moroccan 


KEY TO GENEALOGY ~ S Family 
Male, normal 


Fig 1 


Female, normal 

Sex not stated 

Visible choroidal vessels Fig 2 
Pseudoxanthoma el 


leather, and there was also an increase in the number of creases in the skin of the 
anterior axillary folds. The cardiovascular system was normal. The blood- 
pressure was 120/70. All the peripheral pulses were palpable. The respiratory, 
alimentary, and urogenital systems were normal. Examination of the fundi 
revealed typical angioid streaks bilaterally, with an area of macular pigmenta- 
tion in the left eye.. His visual acuity was J.1 in the right eye, and in the left 
eye he had a central scotoma. 

An investigation of all available members of the family was made by one of us 
(G. M. B.) and the relevant.findings confirmed independently by another (R. P.). 
It was found that the propositus was the only member of the family to suffer 
from fully expressed pseudoxanthoma elasticum with skin and retinal manifesta- 
tions (Plate 22, Fig. 8). His retinae were quite different from those of his less 
affected relatives, for he alone had typical brown arid grey angioid streaks asso- 
ciated with macular degeneration ; no choroidal vessels were visible in his fundi. 
In six members of his family (see Fig. 2), with an age distribution of seven to 
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41 years, there was abnormal visibility of the major choroidal vessels (Plate 22, 
Figs. 9 and 10). This change is sometimes incorrectly called choroidal sclerosis, 
but the term should not be applied to cases in which the visible choroidal vessels 
look red and are not the seat of arteriosclerotic change. In none of the cases was 
there any whitening of the vessels typical of choroidal sclerosis. Choroidal 
vessels are sometimes visible in normal persons at the periphery, but in the con- 
dition described here the vessels were close to the optic disk. None of the rela- 
tives had angioid streaks or skin lesions. 


Family W. In this family the proposita (M. W.) was a married woman of 
44 years referred to one of us (R. P.) from the Royal Eye Hospital, Manchester, 
where the diagnosis of pseudoxanthoma elasticum had been made. Her com- 
plaint was that near vision in both eyes was distorted. She knew that her skin 
had always been loose in the axillae and groins. Eight years ago she suffered 
from aching in both arms, especially on lying down, ‘thought to be due to pres- 
sure on an artery’. She had some headaches, but no other relevant complaint, 
past or present. Examination showed the typical skin condition of pseudoxan- 
thoma elasticum in the neck, axillae, and groins. The fundi showed typical 
angioid streaks, with atrophy or other associated changes in the choriocapillaris. 
There was no choroidal sclerosis or abnormal visibility of choroidal vessels. The 
blood-pressure was 130/75 ; pulses in the arms and legs were not easily palpated. 
She had frequent extrasystoles. 

This patient’s parents, who were not consanguineous, were said to have been 
normal. Both were over 70 years old when they died. She has one sister and 
no brothers, and has three children, a girl and two boys, aged 20, 15, and nine 
years respectively. Another son died two years ago (probably of intracranial 
abscess) aged 14. We examined the husband and three children. The 15-year- 
old boy showed very pronounced abnormal visibility of choroidal vessels 
(Plate 22, Fig. 11). The others were normal, except that the father and daughter 
were myopic. The proposita’s sister, and sister’s daughter (aged 12), who live 
near Southampton, were kindly examined for us by Dr. Graveson, who was fully 
informed of the various appearances in which we were interested. Both had 
normal skin and fundi. A note of uncertainty was interjected here in that the 
sister of the proposita (Mrs. N., aged 42) thought that her mother had the same 
kind of skin as her sister. On re-inquiry the proposita M. W. said she thought 
this was a senile change, and not like her own skin. This family is depicted in 
Fig. 3. 


Manifestations of Pseudoxanthoma Elasticum in Heterozygotes 


Examination of the literature (see the next section) shows that in most 
families the condition behaves as a Mendelian recessive, that is, siblings are 
often affected, but both parents are usually normal. Consanguinity of the 
parents is commoner than in the general population. In a few families two 
generations have been affected. As pseudoxanthoma elasticum is very rare, 
this occurrence is probably due to the gene being occasionally expressed in the 
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heterozygous state, or alternatively to the condition being sometimes due to a 
different gene transmitted as a dominant. Our examination of relatives was 
primarily made to see whether the apparently normal heterozygotes had any 
detectable characteristic. Since we have found the abnormal visibility of 
choroidal vessels in all three families observed, we believe that it is probably a 
heterozygous manifestation, as all the relatives examined could have been, and 
some must have been, heterozygotes. In the case of a recessive both parents and 
half the siblings should be heterozygous and, if the gene is partially sex-linked 
(see next section), all the siblings of like sex to the propositus should be hetero- 
zygous unless crossing-over occurs. It is clear from our findings that only some 
of the heterozygotes show the manifestation we describe. 

Abnormal visibility of choroidal vessels occurs as an occasional anomaly in 
families unconnected with pseudoxanthoma elasticum. One of us has seen it in 
@ pair of identical twins (Platt and Lawton, 1956) whom we have now re-exa- 
mined and found to be free from any sign of pseudoxanthoma elasticum. Such 
sporadic cases could of course be carriers of the abnormal gene. If the gene 
frequency (see p. 209) lies between 0-001 and 0-0025, the heterozygote should 
occur in one person in 200 to 500 of the population. Other authors (Postma, 
1933; Anderson, 1948) have described fundus changes in relatives, some of 
which may be similar to those we have found. 


Genetics of Pseudoxanthoma Elasticum 


Looking into previous reports to see what was known of the genetics of this 
disease, we noted that in the report of Wolff, Stokes, and Schlesinger (1952) two 
brothers were affected, and two sisters and the parents were normal. [n that of 
Throne and Goodman (1921) two sisters were affected, while three brothers and 
the parents were normal. This, together with our family S, suggested the remote 
possibility of a recessive gene on the homologous part of the sex chromosomes 
(partial sex-linkage), and a more determined search of the literature was com- 
menced. At the time of writing the question whether crossing-over takes place 
between the homologous portions of the sex chromosomes in man is still not 
decided either from genetic evidence or from the microscopic study of human 
chromosomes, and in a recent article Stern (1959) said ‘the case for the existence 
of partial sex-linkage has become so weak that no fully convincing example 
remains’. Assuming that no crossing-over took place, a character caused by the 
action of a recessive gene on the homologous portion of the sex chromosomes 
should be revealed by the fact that in some sibships half the male members were 
affected, and in others half the female members ; affected male and female sub- 
jects would not occur in the same sibship. Crossing-over between the chromo- 
somes (in the appropriate position) could produce exceptions to this rule in _— 
portion to the frequency with which such crossing-over occurred. 

For a number of reasons the examination of the literature has not proved as 
easy and straightforward as one might have hoped. Cases are mostly recorded 
in dermatological and ophthalmological journals, usually because of a clinical 
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or pathological interest in the disease rather than an interest in its genetics, and 
the data of heredity are often not recorded at all, or only in the vaguest terms: 
for instance, that no other case was known in the family, or that three other 
siblings were said to have been normal, or that a brother suffered from bad sight. 


I 
Pseudoxanthoma Elasticum: Cases in which Total Sibship and Sex are 


Wolff, Stokes, and Schlesinger (1952) 

Isayama (1935) 

Hartung (1932) 

Blobner (1935) (also recorded by 
Bezecny, 1935) 

Inman 


Family H 


cleo 


Throne and Goodman (1921) 
Werther (1904) 
Hubler (1944) 
Sugg and Stetson (1934) 
Corrado (1938) 
Pelbois and Rollier (1952) 


Nutt 


ol B ol to to = bo 


0 1 Kinmont, 2nd case 


Total 33 10 


Note: sibs who had died early in life are not included. 


All such cases have been omitted in the compilation of the present paper ; more- 
over, as the ophthalmologists seem to recognize several causes of retinal appear- 
ances which might be described as angioid streaks, no case has been included 
unless the skin manifestations appear to have been definite. In a large number 
of such cases histological examination has confirmed the diagnosis. The instances 
in which an isolated case has been recorded with no siblings have also been 
omitted. These would have been of some interest from the point of view of 


Recorded 
Normal Affected Normal Affected 
male male female female 
members members members members : Recorder 
Male members only affected : 
0 
3 
3 
0 
4 
2 
Total 12 
Female members 
1 Family 8 
0 Family W 
0 
3 
0 
2 
2 
F 1 
2 Bettley 
4 
0 McCallum 
1 Woringer and Gerhard (1957) 
0 Kinmont (Case 1) 
3 Cattaneo (1938) a 
; Total 21 
Mixed families: 
| 
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determining the sex ratio, but we believe that an estimate of sex ratio from the 
recorded cases would be false in two respects. In the first place, ascertainment 
is more likely in female subjects, because the abnormal condition of the skin in 
the neck and axillary region gives rise to comment or distress; indeed, most 
authors regard the disease as being commoner in women, probably for this 
reason, for it is quite clear that the condition may pass unnoticed, as is obvious 
from its unexpected discovery when siblings are examined. Furthermore, some 


IT 


Cases in which Total Sibship is not Given or Sex of Unaffected Sibs not 
Stated, but More than One Member of a Family is Affected 


Recorder 


Ohno (1925) 

Krantz (1932) 

McKusick (1956) 

Hiibert and Nyquist (1938) Case 1 
Gottron (1943) 


Sandbacka—Holmstriém (1939) Case 1 
Case 2 


Sasamoto (1921) 
Postma (1933) 
Joffe and Joffe (1932) 
Mixed (sex of propositus underlined) : 
Gutmann (1905) 
Jones, Alden, and Bishop (1933) 
Sandbacka—Holmstrém (1939) Case 3 
Matras (1935) 
Louws (1932) 
Law (1938) 
Hibert and Nyquist (1938) Case 2 


Total 


of the cases have arisen from venereal clinics, the combination of the specialities 
of venereology and dermatology being common, especially in Continental prac- 
tice ; and in these clinics a preponderance of male patients might be expected. 
Table I shows all the cases found in published reports in which the total number 
of sibs in the family and their sex is stated ; there are at least two sibs, and the 
parents are unaffected. It will be seen that in 22 such families there is only one 
in which a brother and sister were affected. This Table also shows a preponder- 
ance of affected female members in the proportion of 27 to nine. A slight pre- 
ponderance of female patients might be explained by the fact that in cases due 
to consanguineous marriage all non-cross-over cases must be female, as the 
abnormal chromosome common to both parents can only be an X-chromosome. 
This certainly would not explain the big sex-difference here recorded. 
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If the evidence were left at this stage it would very strongly favour the hypo- 
thesis that pseudoxanthoma elasticum is caused by a recessive, partially sex- 
linked, gene. The evidence is, however, affected by the following further 
considerations : 

1. Table II shows cases inadequately reported from the genetic point of view, 
in which either the total sibship is not given or the sex of the unaffected sibs is 
not stated. This table includes only sibships in which more than one of the sibs 


Osbourn & Ofive (1951) 


Kat & Prick (1940) 
ee uu 


Marchionini & Turgut (1942) 


cousin marriage 


Fic. 4 


is reported to have been affected. It will be seen that, in order to sustain the 
hypothesis of partial sex-linkage, it is necessary to assume a much larger number 
of cross-overs than in Table I. 


2. There are at least five reported instances of pseudoxanthoma elasticum 
occurring in two consecutive generations (see Fig. 4). As it is a very rare disease, 
it is unlikely that in two generations marriages between heterozygotes, or 
between the recessive homozygote and the heterozygote, have taken place, and 
the more likely explanation is one of variable penetrance, in other words, that 
the disease is occasionally fully expressed in the heterozygote state. Alterna- 
tively, as stated before, it may sometimes be due to a dominant gene. Variable 
penetrance could be used as an explanation of the case of Marchionini and 
Turgut (1942) (Fig. 4), in which two affected male subjects and one affected 
female subject occurred in one generation. This sibship resulted from the cousin 


Denti (1938) 
4 5 ? 

unaffected died young 
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marriage of an affected woman, but this marriage cannot by itself explain the 
facts without assuming that crossing-over occurred. 

3. Apart from that of Marchionini and Turgut there are two other cases of 
cousin marriages in the available records, namely that of Franceschetti and 
Roulet and that of Pelbois and Rollier (Fig. 5), which incidentally makes a total 
of three cousin marriages in 46 families, giving some confirmation of a recessive 
heredity. Neither of these families can be explained on a basis of partial sex- 
linkage without the assumption that two cross-overs occurred. In the family 
reported by Hartung (1932) the parents were second cousins, and again a cross- 
over has to be assumed to sustain the partial sex-linkage hypothesis. 


Fie. 


Finally we have to consider how sound the evidence is that the gene is reces- 
sive, that is, in normal circumstances fully expressed only in the homozygote. 
The three families we have reported could be explained by the assumption that 
all affected individuals were heterozygotes, the expression of the gene varying 
from abnormal visibility of choroidal vessels to the full picture of pseudoxan- 
thoma elasticum. This would explain why the mother in family 8, and two of the 
children in family W, did not show the choroidal vessels. A gene behaving in 
this way, if sex-linked, would show segregation to one or other sex in the children 
of affected men, but not in those of affected women. We do not think this 
hypothesis is as likely as the assumption of a recessive gene for the following 
reasons : 


1. The choroidal vessel picture is quite different from the full syndrome of 
angioid streaks, and in the families we have reported they do not occur together 
in the same individual, nor have intermediate forms been seen. 

2. The frequency of consanguineous marriage favours the recessive theory. 

3. The proportion of affected sibs (Table I) is very close to one in four, which 
strongly favours the recessive theory. The alternative is to assume a dominant 
with penetrance of one-half, but in this case one parent should be affected in 
half the families, which is very far from being the case, the examples in which 
the full syndrome has been reported in two generations being quite excep- 
tional. 
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Gene Frequency of Pseudoxanthoma Elasticum 


It is of some interest to make a rough estimate of the gene frequency of pseu- 
doxanthoma elasticum. We have been in touch with a number of eminent der- 
matologists in Britain, to whom we are indebted for records of some of the cases. 
Many have not been able to produce records of a single case. Some have pro- 
duced two or three cases. We have asked some of them to estimate the size of 
the population from which they draw dermatological cases. The estimates have 
varied from 200,000 to 2,000,000. Making some allowance for cases not seen by 
dermatologists, a very rough estimate might be that one case of pseudoxanthoma 
elasticum occurs in 160,000 to 1,000,000 of the population. The usual formula 
(p*+p9q+¢") then gives a value for of tO igo) thus g = 0-001 
to 0-0025, and 2pg (the frequency of the heterozygote) = 0-002 to 0-005. On 
the other hand, the application of Dahlberg’s (1929) formula to the estimated 
frequency of cousin marriages in pseudoxanthoma elasticum (taken as 3 in 46), 
and in the general population (taken as 0-606 per cent.) (Bell, 1940), gives a 
value for q of 0-006 and for 2pq of 0-012. 


Statistical Comment (M. G. B.) 


The proportion of affected siblings in the completely reported families is 
16/77 = 0-21+0-05 (assuming single ascertainment). This confirms both the 
recessive nature of inheritance and the assumption that ascertainment is single. 
There is strong evidence that women are more likely to be ascertained than 


men. This factor can, however, be ignored in testing for linkage, since it can be 
shown, by applying the usual operational techniques (see, for example, Bailey, 
1951) to a generating function which allows for differential ascertainment of the 
sexes, that the efficient score and the amount of information are unchanged. 
After calculation of the appropriate u-statistics for Tables I and II, assuming 
single ascertainment, the estimates of 1—4z, where x = p(1—p) and p is the 
recombination fraction, are found to be 0-469 + 0-154 for the completely reported 
families and 0-154+ 0-196 for the incompletely reported families. The ratio of 
the first estimate to its standard error is 3-0, and of the second 0-8. If the two 
estimates are combined, the estimate becomes 0-348-+-0-121, which is 2-9 times 
its standard error. The question arises whether these two estimates are com- 
patible with each other and, if not, which is the correct one. The difference 
between them is 0-3150-249. This is suspiciously large, although it is not sig- 
nificantly so. It should be pointed out that this is only an approximate treat- 
ment, since the standard error is based on the assumption that there is no link- 
age. Full maximum-likelihood scoring would be possible but tedious. It is 
interesting to note that Haldane (1937) found asimilar difference between linkage 
estimates for xeroderma pigmentosum based on data from completely and in- 
completely reported families. He supposed that this was due to careless report- 
ing of the incompletely reported families, although it is difficult to understand 
how such gross carelessness can have arisen. 


‘ 
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We aze grateful to dermatologists and others who have given us particulars 
of their cases, and to Drs. Stanworth and Stevens, of the Manchester Royal Eye 
Hospital, for helpful advice ; and we wish to record our thanks to the Well- 
come Trust for a generous grant towards the cost of the coloured plate. 


Summary 

Three families are described in which one or more cases of pseudoxanthoma 
elasticum occurred. These families, together with others previously unpublished 
and others gathered from the literature, provide strong evidence that the dis- 
order is usually transmitted by a recessive gene which may be partially sex- 
linked, that is, carried on the homologous portions of the sex chromosomes. 

A condition of abnormal visibility of the choroidal vessels is described which 
was present in some ‘unaffected’ members of all three families. This is thought 
to be a condition shown by some of the heterozygote carriers of the gene. 


ADDENDUM 


Through the kindness of Mr. H. Edwards, Dr. R. Tattersall, and Dr. R. 
Brown, members of the following four families have now been personally 


inspected 

Family He. The propositus was a 14-year-old boy, the son of a non-consan- 
guineous union ; he has previously been reported by Edwards (1958), who two 
years earlier performed a gastrectomy for gastrointestinal bleeding. When seen 
in May 1960 he had changes in the fundus typical of pseudoxanthoma elasticum 
(P.X.E.), with angioid streaks: typical skin changes of P.X.E. were visible on 
the neck. He has one sibling, 2 six-year-old girl, who showed no cutaneous 
abnormalities, but abnormally visible major choroidal vessels were present in 
her fundi. The 42-year-old father of the propositus had no skin manifestations, 
but had abnormally visible major choroidal vessels; he was myopic. His 
33-year-old wife (the mother of the propositus) was unaffected, as were her three 
siblings, two of whom had ‘tigroid’ fundi. The 62-year-old maternal grandmother 
of the propositus and her 65-year-old brother had abnormally visible major 
choroidal vessels in their fundi, without skin changes; the latter had Paget’s 
disease. The grandmother had four other unaffected sibs. Her 74-year-old hus- 
band had no ocular or cutaneous abnormalities. 


Family P. The proposita was a 15-year-old schoolgirl, who underwent gas- 
trectomy last year for repeated gastrointestinal bleeding, after a diagnosis of 
P.X.E. had been made while she was under the care of Dr. Avery Jones. She 
had minor skin changes, and fundus changes typical of P.X.E. Her 18-year-old 
brother had P.X.E., hitherto unrecognized, with gross skin changes affecting the 
neck, axillae, groins, knees, and in the antecubital fossae, extending down the 
anterior surface of the forearm to the wrists. He had angioid streaks and other 
fundus changes typical of P.X.E. His blood-pressure was 95/60. He had suffered 
from intermittent claudication for as long as he could remember. The popliteal, 
dorsalis pedis, and posterior tibial pulses were impalpable, and pulsations were 
absent on oscillometry, above and below the knee, in both legs. His 53-year-old 
father had some minor skin changes in the axillae without fundus changes, but 
his mother was quite normal ; his parents were not blood relatives. Skin biopsy 
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showed changes typical of P.X.E. in father and son. A 50-year-old paternal 
uncle and a 17-year-old paternal cousin were normal. No member of the family 
hag abnormally visible major choroidal vessels in the fundi. 


Family Wa. The proposita, a 39-year-old woman, was the daughter of a 
non-consanguineous union. She had angioid streaks and cutaneous changes 
typical of P.X.E., and was seen on account of repeated gastrointestinal haemor- 
rhage (Edwards, 1958). Her 37-year-old sister and both her parents had visible 
choroidal vessels, without angioid streaks or changes in the skin. 


Family M. The proposita, a 38-year-old woman, was the daughter of a non- 
consanguineous union. She was seen through the kindness of Dr. R. Brown, of 
the Department of Haematology, Manchester Royal Infirmary. She presented 
an anaemia of iron-deficiency type, and had skin changes typical of P.X.E. on 
her neck, axillae, and groins. Angioid streaks were present in the fundi. Her 
husband was unaffected, but their 18-year-old daughter and 15-year-old son 
both had abnormally visible major choroidal vessels in the fundi; neither had 
angioid streaks or cutaneous changes. The proposita’s sisters, aged 45 and 
43 years respectively, and the latter’s 17-year-old daughter, were quite normal. 
The parents of the proposita had normal skin and fundi, except that the mother 
had ‘tigroid’ fundi. The twin brother of the proposita was normal, as was his 
10-year-old daughter, but his eight-year-old son had abnormally visible choroidal 
vessels. Of the six children of another sister of the proposita only two were 
available for examination ; one, a 13-year-old girl, was normal; the second, an 
eight-year-old girl, had abnormally visible major choroidal vessels in her fundi. 


Six out of seven families examined have thus shown the abnormal choroidal 
vessels, and in two cases these have been found in the families of both parents 
of the propositi. This confirms the generally recessive nature of the gene, but 
families H and P provide evidence against partial sex linkage if the anomaly of 
choroidal vessels is accepted as a heterozygous manifestation. 
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MODIFICATION OF SECONDARY LESIONS IN RENAL 
HYPERTENSIVE RATS BY CONTROL OF THE BLOOD- 
PRESSURE WITH RESERPINE? 


By E. G. MoQUEEN anp J. V. HODGE 
(From the Department of Medicine, University of Otagc, Dunedin) 
With Plates 23 to 25 


In the rat, as distinct from the dog and rabbit, restriction of the blood-supply 
to one kidney will induce hypertension even when the opposite kidney is left 
intact. This was first demonstrated by the classical experiments of Wilson and 
Byrom (1939), who showed also that histological lesions are often found in the 
opposite (untouched) kidney, as well as elsewhere in the cardiovascular system. 
They concluded that these changes are due to the vascular strain imposed by 
the rise of blood-pressure, the ischaemic kidney being protected from this strain 
by the constriction of its renal artery. If it is true that these lesions are the direct 
result of the hypertension, prevention of the rise in blood-pressure following 
induction of renal ischaemia should also prevent the development of histological 
changes. The present experiments were therefore designed primarily to assess 
the effects of hypotensive therapy, following induction of unilateral renal 
ischaemia, on the frequency and severity of cardiovascular and renal lesions. 
Some observations are also included on the behaviour of the blood-pressure 
after excision of the ischaemic kidney. The possible contribution of infection to 
the production of renal lesions has also been investigated, because of the 
suggestion (Goldblatt, 1947) that pyelonephritis may be responsible for some of 
the lesions. 

Rat blood-pressures were measured by a modification of the tail-cuff method 
described by Gallagher and Grimwood (1953), the rats ordinarily being lightly 
anaesthetized with ether. Readings in the unanaesthetized animais were 
obtained in the same way, except that the rats were placed in a cylindrical 
container from which their tails protruded. With patience, and after training, 
satisfactory readings could be obtained. Control of blood-pressure was achieved 
with the rauwolfia alkaloid reserpine, preliminary observations having estab- 
lished its value as an effective hypotensive agent in the rat. 


Effect of Reserpine on Blood-pressure 
Previous workers have all been in agreement about the sedative effect of 
reserpine in experimental animals, but reports concerning ita hypotensive effect 
2 Received April 20, 1960. 
Quarterly Journal of Medicine, New Series XXX, No. 118, April 1961. 
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are variable. Rothlin, Cerletti, and Emmenegger (1956) obtained a fall in blood- 
pressure when reserpine was given by injection to animals with ‘audiogenic’ 
hypertension, but the drug had to be withdrawn because of excessive drowsi- 
ness. Moyer, Hughes, and Huggins (1954) gave intravenous doses of 2 to 4 mg. 
to dogs, and were able to demonstrate a moderate decrease in mean arterial 
pressure coming on in one to two hours and lasting from two to five hours. 
De Jongh and van Proosdij-Hartzema (1955) described a biphasic effect follow- 
ing a single intramuscular dose of reserpine, an initial fall being followed by a 
rise of blood-pressure lasting two to six hours. The latter authors also reported 
a sustained pressor effect following a massive oral dose of the alkaloid. This 
experience must be unusual, as most authors have reported a purely depressor 
action when one is present at all. Grollman (1955) gave a crude extract of 
R. serpentina (‘rauwiloid’) orally to rats and dogs with renal hypertension, the 
dose used being 4 mg. per kg. daily. A drop in systolic pressure of only 10 to 
18 mm.Hg was observed, and his conclusion was that the drug was unsuitable 
for long-term administration to experimental animals. Gross, Noelpp, Sulser, 
Doebelin, and Kundig (1955) obtained more encouraging results with oral 
administration of reserpine. They found that a dose of 0-5 mg. per kg. daily 
would slow the rate of development of hypertension after renal encapsulation, 
and that such hypertension, once established, could be reversed by a dose of 
1-5 mg. per kg. These authors also showed the alkaloid to be effective in the 
treatment of hypertension due to an overdose of deoxycorticosterone, corti- 
sone, or hydrocortisone. Redleaf and Tobian (1958) used reserpine to lower 
the blood-pressure of rats in a study of the correlation between blood-pressure 
levels and electrolyte concentrations in the arterial wall. Although they did 
not give details, they stated that ‘reserpine nearly always produces substantial 
decreases in the blood pressure of hypertensive rats’. A mean fall of 40 mm.Hg. 
in systolic blood-pressure was observed in their experiment. 

In our laboratory reserpine has proved to be the most effective of a variety of 
hypotensive agents in producing a sustained lowering of blood-pressure by oral 
administration in the rat. Fig. 1 shows the effect of increasing single doses of 
the alkaloid on the blood-pressure of rats with renal hypertension. Fig. 2 shows 
the effect of continuous oral administration of reserpine in different doses. A 
comparison of blood-pressures with and without anaesthesia during reserpine 
administration is shown in Fig. 3. It can be seen that the average readings in 
unanaesthetized rats were in general higher than those obtained with anaesthesia, 
but by a variable amount. Long-term use of the drug has shown that tolerance 
gradually develops, although this may not be apparent before the end of the 
first month. The drug has been incorporated in the stock food pellets, the usual 
concentrations being 35 mg. per kg. and 70 mg. per kg. of pellet mixture. With 
the latter dosage hypertensive rats rarely exhibit inadequate control of blood- 
pressure. Drowsiness, irritability, lowering of the body temperature, epilation, 
and looseness of the bowels have been observed during administration of reser- 
pine. While large doses reduce appetite and body-weight, smaller doses stimulate 
appetive and cause an increase in weight. Sedation is noticeable at a concentra- 
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tion of 17-5 mg. per kg. of food pellets, and is severe at 70 mg. per kg. There 
have been no occasions when treatment with reserpine has had to be stopped 
because of the severity of side-effects. 


#0 - 


T 


Average systolic bleod- pressure 


of} 


= 
Hours 
Fie. 1. Effect of single oral doses of reserpine (by gavage) on tail-cuff pressures 
in‘ renal hypertensive rate (1 mg. per 100 g. dose in 12 rate; each of the other 
doses in six rate). 


Average systolic blood-pressure 


Fie. 2. Effect of continuous oral administration of ine (in food ) or 
tail-pressures in renal hypertensive rats (70 mg. per kg. of food in 12 rate; each 
of the other concentrations in nine rate.) 


Although the mean blood-pressure of a group of rats can be maintained at or 
near normal levels for long periods by this means, individual rate at times 
exhibit isolated higher readings. Since blood-pressure estimations were made 
only at weekly intervals in this experiment, it is probable that escape from 
blood-pressure control occurred at other times also. Failure to achieve uniform 
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reduction of blood-pressure throughout the experiment may account for at 
least some of the histological differences observed between reserpine-treated 
rate with renal ischaemia and normal control rats. 


Average blood-pressure (Srots) 


Weeks 


Fie. 3. Renal hypertensive rats. Continuous administration of reserpine in food 
pellets (70 mg. per kg. of food). Tail-cuff pressures in five rate under light ether 
anaesthesia and without anaesthesia. 


Histological Evaluation 

Sections were stained with haematoxylin and eosin and with van Gieson’s 
stain. All slides were masked by a laboratory technician, who was the only 
person with a knowledge of their true identity. After this both authors in- 
dependently examined all slides, and then compared their descriptions of lesions 
and assessments of severity. With regard to the kidneys, the following changes 
were particularly looked for: 

(a) Infarction, distortion of normal architecture, and round-cell infiltration 
of the interstitial connective tissue of the cortex, with glomerular ‘crowding’. 

(6) Atrophy of glomeruli, adhesions of Bowman’s capsule, periglomerular 
fibrosis, and recent or healed glomerular necrosis, including ‘coagulative’ and 
haemorrhagic necrosis. 

(c) Hypertrophy of the media of arteries and arterioles, cellular or fibrinoid 
thickening of the intima, abnormalities of the internal elastic lamina, fibrinoid 
change in the media, and the fully developed picture of necrosis of vascular 
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smooth muscle with periarterial or periarteriolar haemorrhage and cellular 
reaction ; also the presence of periarterial granulomata. 

(d) Dilatation, cast formation, and atrophy of the epithelial lining of the 
tubules. 

A standardized numerical assessment of severity was made by both examiners 
for each of these changes, and an average value accepted. In the great majority 
of instances the individual assessments were found to agree closely; where 
this was not so, the slides were re-examined by both authors before being 
unmasked. The values allotted ranged by half-marks from 0 to 3, with increasing 
severity, for each of the subdivisions (a) to (d) mentioned above, thus giving a 
possible total score of 12 for each kidney. 

In order to assess lesions outside the kidney, sections were prepared from the 
heart, pancreas, mesentery, small bowel, and adrenal gland, and occasionally 
from the liver and skeletal muscle. Attention was paid especially to the presence 
or absence of the following lesions: 

(a) Coarse scarring or diffuse fibrosis of the myocardium. 

(6) Hypertrophy of the media, ‘endarteritis’, or necrosis in arteries and 
arterioles, or a combination of these changes. 

(c) Periarterial granulomata. 

Again a numerical assessment was made independently by each observer, 
allotting up to three marks under each of the above headings, with a maximum 
of nine. 


Effect of Short-term Control of Blood-pressure with Reserpine on the Severity of 
Hypertensive Vascular Lesions 

White male Wistar rats aged four and a half months were used, and arranged 
in four groups. One group was made hypertensive by the application of a silver 
clip to one renal artery, and after operation was fed with ordinary stock pellets ; 
this group is subsequently referred to as the ‘clipped untreated’ group. A 
second group was similarly subjected to renal artery clipping, but was given 
reserpine-containing pellets (70 mg. per kg.; 1 to 1-5 mg. per rat daily); this 
group is referred to as the ‘clipped reserpine-treated’ group. For control pur- 
poses two further groups were subjected to a dummy operation, in which 
the renal artery was exposed but no clip applied. One of these groups was 
fed with stock pellets (the ‘dummy-operation untreated’ group), and the other 
received reserpine-containing pellets in the above concentration (the ‘dummy- 
operation reserpine-treated’ group). There were 16 rats in each of the clipped 
groups, and 12 in each of the dummy-operation groups. The average weekly 
blood-pressures are shown in Table I. The animals were killed, and the organs 
examined histologically, four weeks after operation. The severity of lesions 
found in the kidneys of these rats is expressed numerically in Table II. The 
ischaemic kidney is referred to in this Table and subsequently as the ‘clipped 
kidney’, and the opposite kidney as the ‘untouched kidney’. Both kidneys in 
the dummy-operation rats showed similar changes, and the average score only 
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is chown for these groups. No lesions were seen in the clipped kidneys in any 
of the animals, except those lesions which were attributable to the ischaemia 
induced by application of the clip. These types of change, varying from mild 
replacement fibrosis to partial infarction, were described by Wilson and Byrom 
(1939, 1941). 

I 


‘Average Weekly Blood-pressures of Sub-growps in the Short-term Experiment 


132-8 103-6 116-2 
(£262) (4125) =(4122) (+92) 


II 
Mean Scores of Severity of Renal Lesions in the Short-term Experiment 
Standard deviations in parentheses 
Dummy- 
Dummy- operation 
operation reserpine- 
untreated treated Significance 
group of difference 


Clipped 
Clipped reserpine 


Clipped 48 4-0 
kidney (+3-8) (+31) 
123 N.S. 
(+0-8) 
Untouched 4-2 1-9 
kidney (+31) (+16) 


N.S.=not significant. 


The changes in the untouched kidneys were also similar to those described 
in the 1939 paper of Wilson and Byrom. It can be seen that the lesions in the 
untouched kidneys of the clipped untreated group were significantly more 
severe than in those of the clipped reserpine-treated group. The changes in the 
clipped kidneys of the clipped untreated group were also more severe, although 
here the difference between the treated and untreated groups was not statistic- 
ally significant. It is thus possible that the rats in the reserpine-treated group 
were, by chance, subjected to a less severe degree of renal artery constriction, 
in which case it might not be justifiable to compare the changes in the untouched 
kidneys. When, however, the relationship between the severity of the lesions 
in the clipped kidneys and their severity in the untouched kidneys in each group 
was examined, a good correlation was found in the clipped untreated group 
(r = 0-606 ; 0-02>P>0-01), whereas in the case of the clipped reserpine-treated 
group this correlation was not apparent (r= 0-240; 0-4>P>0-3). It seems 
likely, therefore, that treatment with reserpine inhibited the development of the 
lesions in the untouched kidney which stemmed originally from, and were 
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roughly proportional in severity to, the lesions in the clipped kidney. This 
inhibition was presumably brought about by the control of the blood-pressure. 
There were significant qualitative differences, in the lesions seen in the un- 
touched kidneys, between the clipped untreated and the clipped reserpine- 
treated group. Fibrinoid change in the arterioles was confined to the clipped 
untreated group, and was present in seven of the 16 animals. The explosive 
lesions of the fully developed picture of malignant hypertension were seen in 
Taste IIT 
Mean Scores of Severity of Extrarenal Lesions found in the Short-term Experiment 


21 0-5 
(+2-3) (+0-9) 


0-4 0-2 
(+0.3) (0.2) 


only one of these rate. This animal was the only one to manifest the polydipsia- 
polyuria syndrome (McQueen, Speden, and Veale, 1958), and died two days 
before the end of the experiment. Sections illustrating the lesions in the kidney 
and extrarenal tissues of this animal, which included gross periarterial granulo- 
mata, are shown in Plates 23 and 24 (Figs. 6 to 9). A granulomatous lesion 
in the cardiac muscle of another clipped untreated rat is shown in Plate 24, 
Fig. 10. The incidence of glomerular capillary necrosis was very much higher 
in the clipped untreated group, nine of the 16 animals showing evidence of this 
lesion as against three of 16 in the clipped reserpine-treated group, in which all 
these changes were of mild degree. Minor degrees of glomerular capillary 
damage are frequently to be found in the kidneys of animals not operated on, 
and glomerular capillary necrosis was present in two of 12 of the dummy- 
operation untreated group. There were no lesions of this kind in the dummy- 
operation reserpine-treated group. Lesions in extrarenal tissues were also less 
severe in the reserpine-treated than in the untreated animals subjected to renal 
artery constriction (Table III). Endarteritis and vascular necrosis were fre- 
quently seen in vessels of rats from the clipped untreated group, but rarely among 
animals from the clipped reserpine-treated or dummy groups. Myocardial 
scarring of significant degree was confined to the clipped untreated group. 
Periarterial granulomata had developed in vessels of the extrarenal tissues, 
especially mesentery and pancreas, in more than half of the clipped untreated 
group. Although not confined to this group, they were much less frequent in 
the other groups, and when present were usually mild. Correspondence between 
the severity of lesions in the untouched kidneys and their severity in the extra- 
renal tissues was not absolute, although most animals showing secondary renal 
changes of any degree of severity also had extrarenal vascular lesions. The 
most severe extrarenal lesions occurred in the animal with the most severe renal 


lesions. 


Dummy operation 


Standard deviations in parentheses 
Untreated treated Significance 
group group of differenca 
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Effect of saline administration. Each of the four groups was further divided in 
half, one half being given 0-5 per cent. saline as drinking fluid, and the other 
half water. There was no significant difference in the degree of severity of 
secondary renal or extrarenal changes, although the one instance of gross 
malignant hypertensive change mentioned previously occurred in the saline- 
treated group. 


Effect of Long-term Control of Blood-pressure. Relationship of Histological Lesions 
to Level of Blood-pressure 


In the next experiment the effects of more prolonged control of blood-pressure 
on renal and extrarenal lesions were investigated, and also the relationship of 
the lesions to the actual level of the blood-pressure. Again male Wistar rats, 
aged from four to six months, were used, and were separated into four groups 
as in the short-term experiment. After a preliminary period of blood-pressure 
observations the rats were operated on, and in the appropriate groups one renal 
artery was constricted by a silver clip. Reserpine was incorporated in the stock 
food pellets given to the rats in the two treated groups, some animals receiving 
a concentration of 35 mg. reserpine per kg. of pellets (approximately 0-5 to 
0-75 mg. of reserpine per rat daily), and others twice this concentration. Finally, 
some of the rats in each of the clipped groups were given 0-5 per cent. sodium 
chloride solution as drinking fluid, the remainder being given water. Since it 
was thought to be likely that the saline administration would augment any 
rise of blood-pressure in rats with renal ischaemia, the higher concentration of 
reserpine was used exclusively for the saline-drinking rats. 

After a period of three to four months the ischaemic kidney was removed 
from some of the clipped rats, and these rats were then maintained on the reser- 
pine-free diet for a further six weeks before being killed. All the remaining 
rate were killed after an equivalent period, and tissues from all animals reaching 
the end of the experiment were removed for histological examination. Estima- 
tions of the blood-pressure were made at weekly intervals, or oftener, through- 
out the experiment. 

In order to investigate the possibility (Goldblatt, 1947) that pyelonephritis 
might be responsible for some of the renal lesions, a portion of each kidney from 
the sub-groups drinking water was removed aseptically at operation or at 
autopsy, and cultured in a variety of media under aerobic and anaerobic 
conditions. 

Blood-pressure changes. The majority of rats in the clipped untreated group 
became hypertensive after the induction of renal ischaemia, and continued 
so while the ischaemic kidney remained in situ. The overall average systolic 
pressure during this period (from constriction of the renal artery until death, 
or until removal of the ischaemic kidney) was 143-9+ 17-5 mm.Hg (58 rats). 
Among the clipped reserpine-treated group the development of hypertension 
after induction of renal ischaemia was in almost all instances prevented by 
reserpine in both the concentrations used, only occasional blood-pressure read- 
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ings of over 130 mm.Hg being recorded. In cases in which such escape from 
blood-pressure control occurred, a correlation existed between the number of 
blood-pressure readings over 130 mm.Hg and the severity of renal lesions in 
the untouched kidney. Only one reserpine-treated rat exhibited a persistently 
high blood-pressure throughout the experiment (average systolic pressure 
Taste IV 
Mean Scores of Severity of Lesions in the Untouched Kidneys in the Long-term 
Experiment 
Renal lesions 
— Total score 
of Inter- and standard igni, 
rats stitial Glomeruli Vessels Tubules deviation of 
0-79 0-45 2-16(+1-69) 


26 0-73 0-37 «2-08 (+ 1-90) 


| Not sgnioan 


150 mm.Hg), and this animal showed severe lesions in both kidneys and 
in the extrarenal tissues at autopsy. The average systolic pressure for this 
group during the period of reserpine administration was 105-0+14-5 mm.Hg 
(52 rats). The dummy-operation untreated group (19 rats) showed an average 
systolic pressure of 114-5-+8-6 mm.Hg, throughout the period of observation, 
while that of the dummy-operation reserpine-treated group (26 rats) was 
81-2+12-5 mm.Hg. 

Lesions in the kidney. Of the original 68 rats in each of the clipped groups, 
58 of the clipped untreated and 52 of the clipped reserpine-treated animals 
reached the end of the experiment. The considerable mortality in the clipped 
groups was contributed to by deaths under the anaesthetic, especially among 
the reserpine-treated animals, which tend to be particularly susceptible to 
ether. A number of clipped untreated animals died during the first few weeks 
of the experiment from severe hypertension, some with the polydipsia-polyuria 
syndrome, which has not been observed in reserpine-treated animals. Their 
exclusion will have tended to minimize the difference between reserpine-treated 
and untreated clipped animals, since, if they had survived to the end of the 
experiment, the average severity of lesions in the clipped untreated group 
would almost certainly have been appreciably greater. 

Nineteen dummy-operation untreated and 26 dummy-operation reserpine- 
treated animals were available for comparison. Table IV shows the mean 
scores of severity of lesions in the untouched kidneys from the four groups. All 
except four of the dummy-operation rate had a closely similar score for the two 
kidneys, and in this group the average of the scores for the two kidneys was 
used. It can be seen that: 

1. Both groups of clipped rats had significantly more severe lesions in the 
untouched kidney than those found in the kidneys of the dummy-operation 


groups ; 


a 
untreated 
Dummy-operetion 
reserpine-treated 
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2. Reduction of blood-pressure with reserpine caused a significant reduction 
in the frequency and severity of renal lesions (0-02< _P<0-05); 

3. The dummy-operation rate were not immune from the development of 
renal lesions. These lesions were qualitatively similar to those found in the 
hypertensive rats, with the important exception that arteriolar necrosis was 


8 8 


Average systolic blood-pressure 


2-18 + 130-35 
= 0-39(0-02 > P > 0-01) 


8 8 


Severity of lesions 


Fie. 4. Long-term experiment. Clipped untreated group. Relation 
between average blood-pressures during the period of renal ischaemia 
and histological lesions in the untouched kidneys. 
not observed in the kidneys of any of the dummy-operation group. The small 
difference between the scores of dummy-operation untreated and dummy- 
operation reserpine-treated rats is not statistically significant. 

Some examples of the lesions found are shown in Plates 24 and 25, Figs. 11, 
12, and 13. A detailed description of all lesions will not be given here, since in 
most respects they have agreed closely with those described in the 1941 paper 
of Wilson and Byrom. In this experiment the acute lesions of explosive arteriolar 
necrosis and recent focal glomerular necrosis have been less common than a 
more chronic picture, which was that of glomeruli, presumably the site of earlier 
necrosis, showing distortion, adhesions between the parietal and visceral layers 
of Bowman’s capsule, periglomerular fibrosis, nuclear fragmentation, localized 
loss of cellularity, or partial fibrous replacement of the glomerular tuft. Lesions 
of varying severity in the interstitial tissue, vessels, and tubules, as summarized 
on pp. 216-17, have also been found. Fig. 4 shows the correlation of the average 
blood-pressure during the period of renal ischaemia with the severity of lesions 
in the untouched kidneys of the clipped untreated group. A probably significant 
direct correlation (0-02>P>0-01) is seen to exist. Among the clipped reserpine- 
treated rats there was no correlation, there being many examples of normal 
or subnormal blood-pressures, recorded at all estimations, among reserpine- 
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treated rats which showed severe renal lesions at autopsy. There was no correla- 
tion between the mean blood-pressure and the severity of lesions among rats in 
the dummy-operation groups. The rat with the most severe renal damage 
(score 8-25) in this group was a reserpine-treated rat, with a mean systolic blood- 
pressure of 86-8 mm.Hg during life. There were eight rats in the dummy groups 


TaBLe V 
Incidence of Extrarenal Blood-vessel Lesions in the Long-term Experiment 


27 13 7 8 2 
(57-5%) (27-7%) (148%) (171%) (43%) 


(42-5%) (21-4%) 
Clipped reserpine- 40 36 3 1 1 0 
treated (90-0%) (7-5%) (2-5%) (25%) 
(10-0%) (2-5%) 
Dummy-operation (un- 45 40 5 0 2 0 
treated and reser- (89-0%) (110%) (44%) 
pine-treated com- ~ 
bined) (110%) (44%) 


TaBLE VI 
Severity of Extrarenal Lesions in Clipped Untreated Rats related to Mean Blood- 
pressure Level during Period of Renal Ischaemia 
Severity of extrarenal vascular lesions 
Absent Mild Moderate Severe 
Mean blood-pressure 140 147.8 150 154.6 
(Number of rats) (23) (8) (5) (5) 


(half of them previously reserpine-treated) with a score of severity higher than 
4: the overall average systolic pressure in these rats was actually below that 
found in the entire control group. It seems, therefore, that the height of the 
blood-pressure during life may not be the only factor which determines the 
occurrence of renal damage. 

Lesions outside the kidney. Table V shows the incidence of non-renal vascular 
lesions found in each group. It is apparent that prevention of a rise of blood- 
pressure by reserpine in the rats of the clipped reserpine-treated group afforded 
significant protection against the development of such lesions, which in this 
group corresponded in frequency with those found in the control group. Necrosis 
of vascular smooth muscle (not shown separately in this Table) was not observed 
in any of the tissues taken from the dummy-operation rats: it occurred in three 
of the clipped reserpine-treated and in nine of the clipped untreated rats. 
Many of the animals with severe secondary lesions in the untouched kidney 
showed absent or mild vascular lesions elsewhere ; but severe non-renal vascular 


Vascular lesions except periarteritis Periarteritis 
beent to 
Group mild Moderate Severe Moderate Severe 
Clipped untreated 47 
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lesions were usually accompanied by lesions of appreciable severity in the un- 
touched kidney. The average score of severity of secondary renal lesions was 
4-0 for the rate with no significant vascular damage outside the kidney, 4-2 for 
those with mild extrarenal lesions, 6-1 for those with moderate lesions, and 6-9 
for those with severe lesions. Some correlation was also found between the 


= 


Average systolic blood-pressure 
re) 


= 7.353% +82-21 
A =0:589(P<0-001) 


8 


Severity of lesions untouched kidney 


Fria. 5. Rats in which the clipped kidney was removed after 
three months. Relation between subsequent hypertension and 
the severity of renal lesions found post mortem. 


severity of lesions outside the kidney and the average blood-pressure during 
the period of renal ischaemia (Table VI). No such correlation existed between 
the severity of these lesions and the average blood-pressure after removal of the 
clipped kidney, in the rats which had this operation performed. Coarse fibrosis 
of the myocardium was observed in only six rats, four being members of the 
clipped untreated group, and two members of the clipped reserpine-treated 
group. A severe granulomatous lesion in the pancreas is shown in Plate 25, 
Fig. 14. In the centre can be seen an area of necrotic vascular muscle. 
Additional observations. In a number of animals the clipped kidney was re- 
moved after a period of three months, and the blood-pressure observed for six 
weeks before killing them and carrying out the histological examinations. The 
animals fed with reserpine-containing pellets reverted to a normal diet after 
the removal of the clipped kidney. The mean post-nephrectomy blood-pressures 
of the two groups were almost identical, and neither mean remained elevated 
above the original pre-clipping level. Some animals, however, remained hyper- 
tensive and, when individual rats were considered, there was a definite relation- 
ship between the severity of the renal lesions found in the untouched kidney and 
the average level of the blood-pressure during the six weeks after removal of 
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the clipped kidney. This relationship is shown in Fig. 5, and confirms the find- 
ing of Wilson and Byrom (1941). 

Bacteriological findings. Culture of the kidney samples was performed by 
grinding each specimen in a nutrient broth, sub-culturing into thioglycollate 
broth, and incubating aerobically and anaerobically on blood-agar plates. In 
no case was there any bacterial growth apart from an occasional growth of 
Staphylococcus albus, presumed to be a contaminant. 

Effect of saline administration. As in the short-term experiment, no significant 
effect attributable to saline administration was encountered in either the blood- 
pressure levels or the severity of histological lesions. 


Di ; 

One of the most important milestones, since the demonstration (Goldblatt, 
Lynch, Hanzal, and Summerville, 1934) that renal ischaemia could produce 
hypertension, was the experimental evidence of Wilson and Byrom (1939) that 
narrowing of one renal artery in the rat frequently caused the development of 
characteristic lesions in the opposite untouched kidney. Wilson and Byrom 
later showed (1941) that such lesions, once established, were themselves capable 
of causing or maintaining an elevation of the blood-pressure, and that the height 
of such ‘residual’ hypertension could be related to the severity of these renal 
lesions. They concluded that it was the hypertension produced by the original 
renal ischaemia which was chiefly responsible for the production of the 
‘secondary’ lesions. Exceptional cases, however, were sufficiently frequent for 
them to state that ‘neither the height nor the duration of the hypertension alone 
determined the production of lesions in the unclamped kidney’. Their observa- 
tions were confirmed by Friedman, Jarman, and Klemperer (1941), who found 
in addition an association between hypertension and vascular lesions outside 
the kidney. These authors noted that such lesions were related to ‘rapidly 
rising severe hypertension’ but ‘not to the duration of the hypertension or to the 
presence of nitrogen retention’. 

Our own findings confirm the importance of the level of the blood-pressure 
in producing secondary lesions after induction of renal ischaemia. In both short- 
and long-term experiments there was a significant diminution, as a result of 
reserpine treatment, in the frequency and severity of all the secondary lesions 
seen, despite a probably increased degree of renal ischaemia due to lowered 
perfusion pressure in the clipped kidneys. Our data also showed a significant 
relationship, as regards severity, between the lesions in the ischaemic and those 
in the untouched kidneys, a relationship which is at least partially abolished by 
lowering of the blood-pressure with reserpine. 

The most striking result seen in the first experiment was the elimination, by 
reserpine treatment, of fibrinoid arteriolar necrosis. Among the reserpine- 
treated rats in the long-term experiment there was only one unequivocal example 
of this condition, and this occurred in the rat, previously mentioned, in which 
escape from blood-pressure control had been obvious on repeated occasions. 
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This result was in accordance with the findings of Masson, McCormack, Dustan, 
and Corcoran (1958), who noted reduction in the severity of extrarenal lesions, 
and the elimination of fibrinoid arteriolar necrosis, in rate treated with hydrala- 
zine. Their experiment was carried out on rats whose sole remaining kidneys 
were ischaemic, and thus did not afford data as to the changes in kidneys not 
operated on. Gardner (1960) reported abolition of both renal and extrarenal 
fibrinoid arteriolar necrosis in rats with steroid hypertension receiving inter- 
mittent treatment with hydralazine. 

Goldblatt (1938), Bali and Goldblatt (1954), Johnston and Marples (1956), 
Schaffenburg and Goldblatt (1957), and Goldblatt (1958) have consistently 
opposed the idea that fibrinoid necrosis may result from the effects of hyper- 
tension alone. The present experiments, however, support that concept, since, 
apart from the fact that they were receiving reserpine and that the expected 
rise in blood-pressure was prevented, the treated animals were maintained under 
otherwise identical conditions. Nor was there any reason to suppose that renal 
function was any less severely impaired in the clipped reserpine-treated animals. 
In fact, in the absence of a ‘compensatory’ rise in blood-pressure, the impairment 
of function in the clipped kidney might have been expected to be more marked, 
and, in any case, in animals with one clipped kidney and the other kidney intact 
the amount of functioning renal tissue, at least in the initial stages, is certainly 
adequate. Fibrinoid necrosis was likewise never obvious in the clipped kidney 
of any of our animals; its absence, as has been repeatedly pointed out, is 
presumably indicative of a protective effect of the renal artery clip. Nor was it 
ever found in any of the rats which had the dummy operation. 

In spite of the maintenance of the blood-pressure at fully normal levels, the 
lesions in the untouched kidneys of the clipped reserpine-treated animals were 
considerably more severe than in the dummy-operation animals of the same 
age. The difference between clipped untreated and clipped reserpine-treated 
animals was relatively more marked in the short-term experiment than in the 
long-term one, and the difference between the appearances in the clipped 
reserpine-treated groups and those seen in the dummy-operation groups was less 
marked in the short-term than in the long-term experiment. Although blood- 
pressure control, as recorded by readings under light anaesthesia, appeared 
to be adequate, comparison with readings in unanaesthetized animals has 
shown that actual blood-pressure levels are likely to have been higher than 
those recorded under ether. There is also a tendency for blood-pressure control 
to become somewhat less satisfactory with the passage of time. The increased 
incidence of lesions among the clipped reserpine-treated animals might there- 
fore be attributable solely to incomplete control of hypertension. It is not 
possible, however, on the basis of these experiments to exclude the operation 
of an additional factor (or factors), resulting from narrowing of the renal artery 
but independent of the blood-pressure level. 

As mentioned earlier, fibrinoid necrosis was never observed in control animals 
of the dummy-operation group, but otherwise all lesions seen in the rats with 
renal ischaemia have been found in rats subjected to the dummy operation, 


: 
Ag 
: 
J 
; 
7 
te 
\ 
- 
4 
4 


SECONDARY LESIONS IN RENAL HYPERTENSIVE RATS 227 


although in most instances in a much less severe degree. These lesions include 
glomerular degeneration and glomerular capillary necrosis, as well as tubular 
dilatation, and interstitial fibrosis and infiltration. Extrarenal vascular lesions 
included granulomata. The appearance of spontaneous degenerative lesions has 
been previously commented on (Wilens and Sproul, 1938; Kennedy, 1957), but 
in animals very much older than ours, which even at the end of the long-term 
experiment were never more than 12 months old. The appearance of similar 
lesions in a much more severe degree in the animals subjected to renal ischaemia 
suggests that they may be of the same nature as the spontaneous degenerative 
lesions occurring in the dummy-operation rats, but markedly accelerated by 
the presence of even mild or intermittent hypertension. 

Neither in the short-term experiment, nor in those animals of the long-term 
experiment in which the observations were made, was there a significant differ- 
ence in the incidence or severity of any of the lesions between animals in 
corresponding groups receiving 0-5 per cent. saline and those receiving water as 
drinking fluid. Goldblatt (1947) claimed that the secondary renal lesions ob- 
served by Wilson and Byrom (1939) were indicative of previous pyelonephritis. 
Our sections have confirmed the presence of a variable amount of round-cell 
infiltration accompanying the other renal lesions described, but nothing which 
has suggested active or past pyelonephritis. Furthermore, culture of kidney 
samples failed to reveal any evidence of active infection. 

Much work has been done in the past to elucidate the nature and causation 
of the periarterial granulomata encountered in hypertensive rats, and difference 
of opinion still exists as to their precise relationship to the elevation of blood- 
pressure. Loomis (1946) was able to demonstrate a definite correlation between 
the frequency of periarteritis-like lesions and the level of blood-pressure. 
Masson, Hazard, Corcoran, and Page (1950), however, found no clear correla- 
tion, and stated: ‘. . . it seems likely that there are other important pathogenetic 
factors besides duration and severity of hypertension, such as individual sensi- 
tivity or suddenness of the rise in blood pressure.’ Hall and Hall (1951) induced 
hypertension in one or other partner of pairs of parabiotic rats by implanta- 
tion of deoxycorticosterone acetate. They found that periarteritis nodosa was 
frequent only in the hypertensive partner, and stated that nephrosclerosis, peri- 
arteritis nodosa, and cardiac lesions were encountered only in severely hyper- 
tensive animals. Zeek (1953) reviewed methods of producing periarteritis 
experimentally, and stated: ‘It seems that hypertension can be a most im- 
portant factor in the production of periarteritis nodosa.’ Masson, McCormack, 
Dustan, and Corcoran (1958) concluded that mesenteric ‘arteritis’ in rate with 
hypertension is in fact an expression of hypertensive vascular disease. Gardner 
(1960) also considered that the necrotizing arteritis and the fibrinoid arteriolar 
disease of experimental rat hypertension are related phenomena. Bali and 
Goldblatt (1954) regarded periarteritis as an entirely separate entity from the 
necrotizing arteriolar lesions of malignant hypertension. They stated, among 
points of distinction, that periarteritis nodosa was entirely independent of 
blood-pressure elevation and uraemia; but they found this lesion in 27-7 per 
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cent. of normotensive and in 38-3 per cent. of their hypertensive rats. The 
incidence of periarteritis was much higher among rats which also showed 
necrotizing arteriolar lesions, and the frequency of the combined lesions showed 
a definite correlation with the height of the blood-pressure. 

Kempner and his associates (Race and Peschel, 1954; Kempner, Peschel, and 
Black-Schaffer, 1955) regarded sodium-chloride intake, and not hypertension 
per se, as the decisive factor in the causation of polyarteritis nodosa. Although 
their hypertensive rats receiving a low-NaCl (rice) diet had lower average blood- 
pressures than the animals having a higher intake of NaCl, these authors stated 
that ‘the severity (of the hypertension) was not necessarily correlated with the 
development of polyarteritis nodosa’ (Kempner, Peschel, and Black-Schaffer, 
1955). They concluded, however, that their results were ‘compatible with the 
concept of polyarteritis nodosa as the rat analogue of arteriolonecrosis in 
malignant hypertension’. In spite of the varying opinions about the importance 
of hypertension in the production of the lesions of periarteritis, there appears to 
be general agreement that other factors, such as hypersensitivity, may also be 
concerned. 

Numerous examples of periarteritis at all stages of development have been 
found among our rats, and some are illustrated in Plate 24, Figs. 9 and 10, 
and Plate 25, Fig. 14. The lesions have been quite typical, bearing a close 
resemblance to those of human periarteritis nodosa. Our data have supported 
a relationship between this experimental periarteritis and blood-pressure levels, 
since lowering of the blood-pressure reduced both the frequency and the 
severity of the lesions. It seems likely that the vasculature can be ‘conditioned’ 
by one or more factors, including genetic make-up, sex, and possibly allergy, and 
that such defective vessels are predisposed to the development of periarteritis 
as a response to tissue damage in their walls. Such damage occurs spontaneously 
with increasing age, but may be accelerated by hypertension. 

The limitations of applying the results of animal experiments to the problems 
of human disease are well recognized. Within these limitations the present 
work suggests that hypotensive therapy may be able to retard or prevent the 
development of the cardiovascular and renal deterioration known to accompany 
hypertension. Whether renal lesions, once established, can be altered by hypo- 
tensive treatment is still not known. Moyer, Heider, Pevey, and Ford (1958) 
noted that further deterioration of renal function was prevented, and at times 
improvement shown, when patients with established hypertension were given 
effective therapy. Findings such as these should encourage the clinician and 
give impetus to the search for better methods of controlling blood-pressure. 


During the course of the present study one of the authors (J. V. H.) was 
employed as Senior Medical Research Officer by the Medical Research Council of 
New Zealand, to whom we are indebted for financial support. We should like 
to express our thanks to Messrs. Ciba Limited, Basel, for generous supplies of 
reserpine (‘serpasil’). 
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Summary 

In rats with one kidney rendered ischaemic, the other remaining untouched, 
the effect of controlling the blood-pressure with reserpine on the development 
of secondary vascular lesions has been assessed histologically. Satisfactory 
control of blood-pressure could be maintained with reserpine in almost all 
instances. 

In a short-term experiment of four weeks’ duration the lesions in the un- 
touched kidney were significantly less severe in the reserpine-treated animals. 
In the untreated group there was a significant relation between the degrees of 
severity of lesions in the ischaemic and in the untouched kidneys. The occur- 
rence of fibrinoid arteriolar necrosis was confined tc the untreated animals with 
renal ischaemia. Lesions in extrarenal tissues were also less severe in reserpine- 
treated animals. 

In a long-term experiment of three months’ duration, lesions in the untouched 
kidneys were similarly reduced in severity by reserpine treatment. Lesions of 
considerable severity were nevertheless present in the reserpine-treated animals. 
These lesions were due possibly to escape from blood-pressure control, not 
shown by recordings made under anaesthesia, although the operation of an 
additional factor independent of the blood-pressure level cannot be excluded. 
Among the untreated animals there was a significant correlation between the 
average blood-pressure and the severity of histological lesions. Lesions in extra- 
renal tissues, including periarterial granulomata, were also less severe in reser- 
pine-treated rats. The mode of origin of these lesions is discussed. 

No evidence of infection as a basis of the renal lesions was found histologically 
or on bacteriological culture of the kidneys. 
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cent. of normotensive and in 38-3 per cent. of their hypertensive rats. The 
incidence of periarteritis was much higher among rate which also showed 
necrotizing arteriolar lesions, and the frequency of the combined lesions showed 
a definite correlation with the height of the blood-pressure. 

Kempner and his associates (Race and Peschel, 1954; Kempner, Peschel, and 
Black-Schaffer, 1955) regarded sodium-chloride intake, and not hypertension 
per se, a8 the decisive factor in the causation of polyarteritis nodosa. Although 
their hypertensive rats receiving a low-NaCl (rice) diet had lower average blood- 
pressures than the animals having a higher intake of NaCl, these authors stated 
that ‘the severity (of the hypertension) was not necessarily correlated with the 
development of polyarteritis nodosa’ (Kempner, Peschel, and Black-Schaffer, 
1955). They concluded, however, that their results were ‘compatible with the 
concept of polyarteritis nodosa as the rat analogue of arteriolonecrosis in 
malignant hypertension’. In spite of the varying opinions about the importance 
of hypertension in the production of the lesions of periarteritis, there appears to 
be general agreement that other factors, such as hypersensitivity, may also be 
concerned. 

Numerous examples of periarteritis at all stages of development have been 
found among our rats, and some are illustrated in Plate 24, Figs. 9 and 10, 
and Plate 25, Fig. 14. The lesions have been quite typical, bearing a close 
resemblance to those of human periarteritis nodosa. Our data have supported 
a relationship between this experimental periarteritis and blood-pressure levels, 
since lowering of the blood-pressure reduced both the frequency and the 
severity of the lesions. It seems likely that the vasculature can be ‘conditioned’ 
by one or more factors, including genetic make-up, sex, and possibly allergy, and 
that such defective vessels are predisposed to the development of periarteritis 
as a response to tissue damage in their walls. Such damage occurs spontaneously 
with increasing age, but may be accelerated by hypertension. 

The limitations of applying the results of animal experiments to the problems 
of human disease are well recognized. Within these limitations the present 
work suggests that hypotensive therapy may be able to retard or prevent the 
development of the cardiovascular and renal deterioration known to accompany 
hypertension. Whether renal lesions, once established, can be altered by hypo- 
tensive treatment is still not known. Moyer, Heider, Pevey, and Ford (1958) 
noted that further deterioration of renal function was prevented, and at times 
improvement shown, when patients with established hypertension were given 
effective therapy. Findings such as these should encourage the clinician and 
give impetus to the search for better methods of controlling blood-pressure. 


During the course of the present study one of the authors (J. V. H.) was 
employed as Senior Medical Research Officer by the Medical Research Council of 
New Zealand, to whom we are indebted for financial support. We should like 
to express our thanks to Messrs. Ciba Limited, Basel, for generous supplies of 
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Summary 

In rats with one kidney rendered ischaemic, the other remaining untouched, 
the effect of controlling the blood-pressure with reserpine on the development 
of secondary vascular lesions has been assessed histologically. Satisfactory 
control of blood-pressure could be maintained with reserpine in almost all 
instances. 

In a short-term experiment of four weeks’ duration the lesions in the un- 
touched kidney were significantly less severe in the reserpine-treated animals. 
In the untreated group there was a significant relation between the degrees of 
severity of lesions in the ischaemic and in the untouched kidneys. The occur- 
rence of fibrinoid arteriolar necrosis was confined to the untreated animals with 
renal ischaemia. Lesions in extrarenal tissues were also less severe in reserpine- 
treated animals. 

In a long-term experiment of three months’ duration, lesions in the untouched 
kidneys were similarly reduced in severity by reserpine treatment. Lesions of 
considerable severity were nevertheless present in the reserpine-treated animals. 
These lesions were due possibly to escape from blood-pressure control, not 
shown by recordings made under anaesthesia, although the operation of an 
additional factor independent of the blood-pressure level cannot be excluded. 
Among the untreated animals there was a significant correlation between the 
average blood-pressure and the severity of histological lesions. Lesions in extra- 
renal tissues, including periarterial granulomata, were also less severe in reser- 
pine-treated rats. The mode of origin of these lesions is discussed. 

No evidence of infection as a basis of the renal lesions was found histologically 
or on bacteriological culture of the kidneys. 
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